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INTRODUCTION. 


Mv object m preparing this seiies of monograpte b to study 
the knowledge oE the ancient Hundus of the different metals and 
their compounds from ancient Sanskrit literature^ raedical and 
aotirmedical K and also from analytical, archBralogical and mmera- 
logical sources. Dr* F- C. in his welhknowti History of 

Hindu Chemistry/' has collected a large amount of medical ot 
rather mcdico-diemical Samkrit literature bearing on the knoi^ 
ledge of the Hindus of the metals and their oompoiinds, but I 
would like to submit that there are other sources, specially non^ 
medical Sanskritic and ardueological literature^ which would 
throw considerable light on the subject. It is my desire to bring 
together in a connected form the jnfprtuation on all these heads as 
far as practicable so that a more detailed history of Hind a Chem' 
btry may be written afterwards. 

So far as the present managrapb ia concerned, it embodies 
in an enlarged form a lecture delivered on the 7th January, 
1914, at the Indian Association for the CultivatiotJ of Science* 
Dr. P. C. Ray presiding. I have attempted to dbcuss at cou- 
sideiable length the question whether iron was knouTi in the Vedic 
Age, and I hope 1 have been able to prove that the use of irou 
w^as perfectly known to the first Aryan aettlers iu India. Such a 
dbcussiou might throw some light on the vexed quretinn ol the 
prior use of iron and broniep though so far as India b concerned 
there waa no bronze age, as bronze weapons are scarcely to be 
found in India. As regards arckfcological evidence, ancient 
specimens ol iron are so very abundant in India that an enumera-' 
tion of these alone will convince any one that India has always 
been a rich iron-producing country- The great iron pillar at 
Delhi b well known to all, but I would like to draw prominent 
attention of ail students of science to the other two Icss known 
iron pillnrs, viz. the one at Dhar, whtcli b uc^ly twice as big as 
the Delhi pillar* and the other on Mount Abu. Nor must we lose 
^ight of the gigantic iron beams at Kouarak, Tecently brought 
to fnll view from drift sea-aaud in which many remained buried 
for two nr three centurieSr ^ ^ numerous iron beams 
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at Puri and BhubuMswiir where as many as ajg pieces have been 
counted in the Ptiri GunduchibAri temple alone. 

I bdieve that the theory of fntging ?niali bioonui^ of 
wrought iron into entire beaniB and pillars is the real solution of 
the question how these beams and pilbns could have been forged 
with hand labour. As regards the solution of the problem how 
these pillarB have an long withstood the rttsting infiueace of wind 
and rain^ my idea is that ** low manganese with lovr sulphur and 
high phosphorus** in the composition of the Lroo has samething to 
do with the corrosioo-resistance ** capacity of wrought iron. 1 
also suspect that the pillars and beams were o riginally painted. 

As regards the metallurgy of iron, wrought iron was produced 
in India by the ie, directly from the orra in small blast 

furnaces without the intertnedlate prodtiction of cast iron, whilst 
the modern process may be called the indirect p 70 cc£Sp in which 
wrought iron is prepared from cast iron which is first formed in 
modem bbst furnaces. 

1 have devoted «jiisiderable space to the consideration of the 
mamifactuie of Indian steel which was certainly the matcrml 
from which the famous Damascus blades were mflnnfactnred. It 
will be sci^ that the emcible procea:^ nf [naking cast^teel by 
means nf cementation was really an Indian invention, and that it 
was not rill the nineteenth century that Mr. Musbet re-disenvered 
the process in Europe. 

In conriusioiip I should take this opportnuity of thoiikiiig 
Dr. Spooner^ Superintend cut of the Archaeological Department, 
Indian Museum^ Calcutta^ for his permbsion to take photographs 
of the Bndh-Gaya iron damps, and Dr* J. H, Marshnlj Director of 
the Arclneological Department, Government nf India^ for his 
permission to reproduce the plates from the Reports of the 
Ardunologicai Survey nf India. I am also indebted to the 
publishcR of the Empress for their loan of the blocks of the 
Bijapur Guns for use in this paper, l^iahamahopadhyay Dr* Satiith 
Chandra Vidyabhii$haR, Principal of theSamdEiit College, Calcutta^ 
placed every facility at my disposal, enabling me to study Vedic 
literature on tie subject in the library of the College. I should 
aUn state that 1 was not aware of Sir Robert HadGeld's ex- 
cdlent papers on ''Singhalese Iron and Sted of ancient Origin"* 
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in the Journal of the Iron and Steel loatitutc and Proceedings of 
the Royal Society, and that my attention * 0 * drawn to the papers 
at the meeting in which tny paper was read, I have incorporated 
in t hi^ pitper Sir Robert’s analysis of Ceylon iron, as Ceylon was 
oidv a pail of Groiter India in ancient times, 

P. NSoci. 

Rajshaeci, 1914. 
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Iron in Ancient India. 


By P. N«5«J. 


CHAPTER I. 

£A0N 'I ^ H VBDIC A01£ ^ (CxRCA 300^^“1000 

The revivaJ of iron ittilustry in modem Indiii under the bus- 
pices of the Bengal lion and Steel and the Tata Imn and Steel 
Companies leads naturally to the question whether the present 
industry, which promises go much in the neor future, b entirely a 
new venture in India or b a revival of past ventures tn thb direc¬ 
tion. India b known to the West primarily as the abode of an 
ancient dvilbation rich iu ethical and philosophical doctrines, hut 
the fact that tndbn dvilbation was rich in material progfera also 
is slowly but steadily being brought to the notice of the world at 
large. So far as the present subject is concerned, a careful study 
of the available literature and atclusological evidence will easfly 
convince any studeut that Itidia had always been in the past, as 
it prombes to be in the neat future, a rich iron-producing cnnntry. 
Well has Sir John Hickshaw said in bb presidential address to the 
Britbb Assodatina Meeting at Bristol iu i875 that ** the snpply of 
iron in India, as early as the fourth and fifth ceutunes, seems to 
have been unliuuted. Indb well repaid any advantages which Ae 
may have derived from theearl^civilbed communities of the West 
if she were the first to supply them With iron and stcid. Shaw 


I rw(. Hermamj JliCOlH Ifoin ■itwamnicdi nJcnlM^tiEmi It incliUB* to po^ 
lb* bcfpniiittg ol Uio Vedlc age id lot tock ms giaoo ac. We lioTe. Iiowcnr . 
•4op[iB) liEn Ure bk™ ntodcfole HtifflotE ^ tbe ontiqaity of tiw Ve^c oge. Pml. 
Mu Haoer I* d( <^niDB thot flie Veda» repiueat tJw mtm widiHit wntlog* to 
ho world. 
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TnaintAius that the hardest tools in ancient Egypt, such as drills 
for working the granite obetbiks, were made of Indian iron ** and it 
Wft5 again from India^ as will tie shown later ou, that the PcTsiatia 
and afterwards the Arabs and tlie Europeans learnt the tempering 
oF ^lteel, the best sped mens of which were the iainous Damiiscus 
blacti:^ of the Middle Ages. Roscoe and Schorlemtiier in their well- 
known Treatise on Chemistry" have written appears prri- 
liable that iron was finst obtaiued Irom its ores in India/* They 
further say '^the word iroo^ which is identical with the ScanaP 
navian " iam* f instead of * isarn *} and German ' eben" (adiecti^^e 
* eisern') appears to be connected with the Sanskrit * nyas ' (Latin 
' aes/), and tbb, according to Gumm. is an iudienUon that bronze 
was in use amongst the (Germans at a much earlier date than 
iron 7 ^ 

Ethuographists usually divide the age of using impleisejit^ of 
warfare into principally three divisions^ vt2» stone age, bronze age 
and iron age. Such a division might be tenable in the case of 
European countries but toirdly applicable in the case of India whicli 
was colonized by the Aryans possessing a very high order of 
civilization at a verv early age. It is true that nu plements of the 
stone age are found scattered in Chota Nagpur, Central Provinces 
and other parts of India, but it seems that these stone implenients 
were mostly used by the aboriginal ^ FalseoLithjc and NcEOlilliic* 
people who mhabited India before the Aryan Conquest and whose 
descendants ore the Knls, Bhib and other aboftginnl tribes of modem 
tudin^ In India the use of bronzi^ as material for making arms was 
never estensive^ and weapons made of bronze are scarcely to be 
found, though Vincent Smith is dbpoaed to maintain that there 
was a copper age iu India prior to the iron n.ge 7 Vincent Smith 
howeverp places the huiit of the copper age at tooo n.a, which falk 
easily in the Vedic age when, as will be shown later on, the use of 
iron was well knoi^^m. 

There is even a considerable difference of opinion about the 
general question whether bronze really preceded iron+ The well- 
known metallucgist Dr. John Percy iu his well-known treatise 
entitled Metallurgy of Itou and Steel ” held, and I think very 
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rightly, that the ax of broiue cannnt reaUy precede the use nf 
iron. The preparation of hnjnie would presuppose the know¬ 
ledge of the metallurgy at least of two mctali, vit copper .ind 
tin, wbUst the use of iron requires the knowledge of the metal¬ 
lurgy of one metal only. Moreover, as Dr. Percy points out, the 
metallurgy of iron i» very simple—*' if a lump of red or brown 
henmatite be heated for some time in a charcoal fire, well snr- 
TOinided by nr embedded in the fuel, it will he aiort or less 
completely reduced so os to admit of bciug easily forged at a red 
heat into' a bar of iron/' Mr, St. John V, Day, the author *if 
" The Prehistoric use of Iron and Steel," also maintaius that tlie 
use of iron preceded the scHcalled hronie age. At any rate so far 
as India is coucerned there cannot be disiinguiahed a distinct age 
called the bronze age. and the Aryan conquerors seem to have 
known the use of iron from their very first habitation in the 
Punjab, as can be gleaned from the freriuent mentiuu of iron in 
Uteratiire. 

Thi^ word '"Ayas" frequently occurs in the Rig and otin^r 
Vedns. It meaiiA iron " nod ha% beiro iraiiskted as such by the 
great cmnmcnlJitor Shayfina, Prof. Max Jliiller, Griffiths, Wilson, 
R. C Dutt, the author of Bhehospatya Lexicon, aud others, though 
Shkysna in some passages bn* taken it to mean "gold” also. 
On the othef bond Macdonell and Keith in their *' Vedic Index” 
suppose it to mean "broaffi/* perhaps being infiuenetd by the 
theory that bronze preceded iron in India also,* They argue as 
favouring the sense of ‘ bronze’ rather than that of ' iron’ may 
perhaps be cited with Zimmer (Altiadiscbes Lcbcu, 52 ) tlie 
t t.n i- Agni is called ’ Ayo-datnstra,' with the teeth of ayos, {Rig. 
I, 88 , 5 : X, 87 , 2 ) with lefcreoce to the colour oi his flames, and 
that the car-seat of Mitra and Varutm is called ' aya-sthuua 
(Rig. V. 63 , 81 with ' piUari of ayos’ at the setting of the snn 
(but thU is not couvincing, as iu the same verse it b said to be 
of ‘ golden appearance at the flash of dawti (footnote), I 
have been at some pains to consult the origmal text, specially 
dhayana’s commentary, and am afraid thaL MacdoncU and Keith’s 
argumeut caunot stand. As regards aytuinmstTa’’ in Rig, 1, 
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83 5 it b an adjective of *' bacaUun”,'the passage being tr^ 
lated'by Max Muller as " wild boars rusbing about with iron 
tualcs " 1 am completely at a loss how it may be taken to refH 

to the colour of flames. There are, however, other passages m 
which the word has lieen used as an adjective of Agni, for example 
in Rie X &7 a. where Wilson transUtes it as '* teeth of non. 
Thf^imeV-^e o«um in Atharv. Vlfl, 3 . - which Whitn^ 

tran-dates the word as " tu-sks of iron.” The adjective evidently 
refers to the sharpness of the tongues of flames and ool to their 
colour. Then as regards ayo-sthuna” in Rig- V, 62, 8 (anti also 
in Rig. V, 62, 7)* we find that Shiyana has rendered ayas as 
gold.” Thb rendering is in full agreement with what Macdone^ 
and Keith mention *■ as gaJdt-n appearance at the flash of dawn. 

In anv case in this or siniUar passages we may safely take the 
rendering of the scholiast of ayas” as " gp'd” as fully anthonta- 
live- Then: U absolutely no justifitatioo for bringing in tfe idea 
of " bronze ** 

But it is undoubted that ‘ ayas* in by far the largest nuinbcr 
of passages in the Rigveda means ” iiou” and not “gold,” In 
Rig. VI ’ 47, CO and VI, 3 > 5 the passage ■ ayaaho na 

■» w^hich is explained by Shayana as ‘ shower of iron swords 
or javdin-s.’ In Rig. Vli, 95. i * occurs the passage * iyashT pub' 
or ‘iron city,’ which, though not to be taken literally, means a 
sale place, and shows that the ancient Aryans were perfectly 
familiar with the strength and hardness of i^a. The same^uw^ 
■iron city’ occur in another passage, Rig. VIT, 15. i 4 The 
picture of ‘ iron raeltcr or blacksmith nieltiug iron in his forge is 
given b Rig. IV. 2. 17 and Rig. VI, 3, 4 -'' We find in Rig. VI, 
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75, 15 that arrows wen? tipped with iron.* Hardness of Iron, 
is again referred to in Rig. 1 ,163, g where we read the description 
of a horse " with ^Iden manes and iron (eet and fast as nund* ' 
From the passages quoted ahove it is evident that the use of iron 
and of iron weapons was well tnowii in the Rigveda. 

In the Black Yajutvefla * is mentioned a remarkable kind of 
fir^weapnti called Sfirml which is defined by the conimentator 
Shayana as a "harping iron barrel," It is described ns having a 
long bore inside the barrel and with its help hundreds could be 
IdUcd at a time. T he mca tio^ of an iron ^e-wcapon ig Vedic 
literature shows the high quality o f ci yiltgatlon prevalent amon^t 
tficanrient Aryan settlers. 

Tn the Wlute Yajnrveda occurs the following passage in 
which si* metals have ondoubtedly been mentioned, via. * hira- 
nya,* ‘ ayas,' 'ahyam/ * bha.‘ *aaa ’ and 'trapn/* On further 
enquiry I find that the same passage occurs in tlw Taittiriya 
Samhita* and nlsn in the MaitrayonT Saqdiitn,* with this 
difference that in the last'-named Bamhita the word ‘loha’ has 
been replaced by the word 'lohitayas' nr *rcd metal' meaning 
evidently enpper. There is no difference of opinion regnrding the 
meaning of 'stsa' and 'trapu' which mean lead and tin respec¬ 
tively, but commentatoxs are hopelessly at variance in their inter* 
preUtions of 'ayas/ ‘diydm’ and 'Ipha.'^ After reading these 
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comttiH^utanes £ 1 ia¥€; forniEil the opitiioci th^t the refers to 

the followiag six ioetiils, via, ,silvef (hiranya},. gold (ayas), iron 
(shysm), coppet (loha), lead (sfea) and tin (trapu). Th^r w^ord 

* hkanya' ordinarily means gold* but m the oonniientator Mahidhar 
points out that it me^Lds * silver ^ also, I have preferred thb mean¬ 
ing in order to mEike sense. Shay ana in many passages has taken 

* ay as * for gold, and I have adopted liis Lnterprotation here- The 
word ''shydm* meaning black* evidently means iron, ami the 
wnfd ' laba' nr ^ lohitayas' meanSp as ba.^ been pointed \mt, 
copper. 

The most prolific mentioi} of ^iron^ or occurs in tbc 

Atharvavoda, the latest of the four Vedasn £ would give below 
several amongst many such passages of the text together with 
Whitney's tran^ation, which is the most literal of all translations 
of the Atharvavedo. In the passage Athnrvv X£, 3, 1, 7* the 
word * shyamnmaya * Is explained by Shayatm os * black metal* 
or iron and the word ' lohita^ as * red metal * or copper. Whitney 
also remarks that ' ^ that is doubdesi^ irou ani copper tespectivEly /' 
In Atharv* V\ aSj, while d^ribing a formula for an amulet of 
tliree metaLs, 'harita/ (gold), 'rajata* (silver) and ' nyas ' {iron) 
are mentioned.* In VI^ 65, 2 M)oud-fctters of iron* tire men¬ 
tioned and in the next verse (VIj 63* 3) ' iron post* is referred to.“ 
The word “ ayodanistra'" in VIII. 3, 2 has been rendered by 
Whitney as ""thou of iron tusks/* applying the epithet to . 4 gni 
or fire. "‘Ayojaia'^* in XIX, i has been tsrauslated by Wliit- 
ncy as ^ metal nets" and " iiyashmayena ankena^ in VII, 115,, t 
as "• with honks of metal *"; they can* however* be more appro¬ 
priately translated as' iron nets* and * iron hooks ^ respeori^'ely, it 

V^jUXT^ xw wi I^NTf^^FtKWT^TlJ I ^1 

wi 1 siV? vtwt'W '* In hji ^tmmQOr 

taiy on tli€ "TKittEdjB SafnJaitji Hay», WTV iflWTmilf. ^iTY^ ^ 

Macdanrll ftnd K«^tt]l b&vc rrflder«dl ^Ayds ' u ^ bmnx^* pp- ir- 3 JJ. 

I Atlaarvii%'*d^ XI. 1, wnrirvtiiw wFfrfw < 

1 iriT% ^Stfk ifwiMimfk 1 AttiKmi V. 1 . 

i im lanrrm— VI. 63, z ■■ iicwisgt h* 

la tl|«, O Nlntl, diou of t^epineo, qnfiut^JI the bnud-fclttni ol irtna.'- 

Wevt tfifW mfNfYld iyj, 5>—"*tbou not havLoA 

bcfE la mh irrm poft bridle idth donths that arm a thauund. 
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wfll readily be seen that in the paawges quoted from the Atharva- 
veda* the sense of iron makes more'' complete^sense than any other 
metal. There can remain scarcely any doubt oi the use of iron tn 
Vedic times in vanaias directions, ^ 

IRON IN T«S BRAHIttAN AGE (CIRCA looa B-.C-Sw B.C,). 

In the Brthmans and 0 pan»hads, whidi belong to Vedic 
literatttie though later in date than the Vedas, the latest date of 
their compositioii being Boo b.C, to 5 **® B,c., we find that the 
word * ayas' has been completely differcdtiated into * kriahuftyas 
or Uack metal and Mobitayaa' w red metal. Hon is thus r^ 
lerred to as * krUhnayas' or 'kai^nayos' in Chandogya Upani' 
Qliail IV, 17, 71 VJ, I, 5; in Jaimifli Upamahad Brahmaoa III* 
17, 3, in Taittifiya Biahmana Til, 62, 6, 5 «»d other places, 
The dfetinctinn between iron and copper is eatpUcit and complete. 


I NiHlpp«ii lad Keltli, Vedic Ittdo- 



CHAPTER II. 


Iron in tHE Efic Agk [Cvlca 500 bx*— zoo b.c.) ^ 

CoEDing to the Epic Age diiring which time the civilisation 
of the Aryans had greatly advanced and become highly complex, 
we find the most cjctensive iise of tron in the two edebmted 
Hindu epics, the Rfljnayafla and the Mah&bhILmta (specially the 
latter)^ the greater portioos of which arc adEnItted to havre been 
composed by the 4th century b.c* Wb find the most prolific 
mention of iron swords^ spears^ javelins, ases^ arrows, maces 
and other numerous kinds of weapons of warfare, though the 
southern monkey hordes d! Rama fought in Ceylon with fragments 
of mountains and uprooted trees^ The great iton * gadl * or maces 
of Bhr tna and Dnrjodhan as well as the story of the blind ting 
Dluitar^tra^s breaking to pieces in great agony the life-size iron 
statue of Bhim, who had killed the hundred sons of the king m the 
great battle of Ruxnkhetra^ are well known to every reader of the 
Miihi^bh^nt. Mention may also be made here of the story m the 
MushalnParva of the MaMblrirat^ of the wicked descendants of the 
kings of the Vadu dynasty mocking the Rishk (sages] and of one 
of them giving birth to a big iron mace (musha]) through the curse 
of those Kishis, which, however, ultimately proved to be the 
engine of destnictlon of the entire family of the Vadav^as. These 
stnriea naturally lead Co the conclusion that the production of iron 
in India during the Epic Age was very considerable indeed or else 
the Stories of the life-sice iron statue of BhTm or the iron mace 
would not have been posslblc- 

Tuming to the Laws of Manu* wc iLsid that the great Hindu 

I Mr* R. C Dntl takta tlie J#te al the Upic Agi to be Lico^ECaoi H,fL We 
hmm adoptEd bfiffc the mott tltKkT4Lc estlnutE. 

* ^ dOflS aol «eia tP ha-fm been fiied dcfiicitelf^ Many Kutharitiei 

pUce KfLiut£iLiitefl befotre the Bpkt, belt MftCdooeU ** It (MAan' i 

iiutit tttejlijl if dapelJ ecnrieetwl iri tli lhc Alihiibhiirmt of which tbuse TtFldmcs liaae 
(in. Xir* X V7) mtitiln mB ouny bs abo of H* iJakBa It pmhfbly muAed 
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lawgiver mentions the use of hnusdiold utensils made of cap^r, 
iron, bronic, brass, tin and lead and enjoins their pnrification 
with ashes, add water and water.^ He also prescribes that a thief 
who would steal predous stones and metals like copper, silver, 
iron and bronze, would, as a penalty, eat for twelve days si^l 
grains of rice * Mann in the seventh canto of his Institutes givts 
elaborate descriptions how a king should construct several kinds 
of forts and equip them with iron swords, engines of warfare, 


atrowSv and bows. j - . a. 

Aft regards ancient medical literature we jSnd in the great 

medical work of Suahruta. who should have flouriabed itj the 3rd or 
4th century nx.. nscao be guessed from the Bower manuscripts 
edited by Hoerule. elaborate description of nearly one hundred 
kinds of surgical iustruuents by means of which many major 
operations such as opening of the abdomen, eye operations, 
section of the fratos, were performeil A great many of them 
must have been prepared from the best steel, for which lu^a was 
so justly famous from time immemorial, os we find that the 
difisecting instruments had an edge which would be than half 
of a piece of hair bLseeted longitudinally; The iiistinments v«re 
to be whetted on a stone having the colour of m&skalaJ (a 

kind of black pulse)* . , 

Next coming to historical times we find Sicgasthenes.thc cele¬ 
brated Greek ambassador, who visited India in 302 B.C., beanng 
testimony to the fact that Indian soil had " undeiground numerous 
veins of all sorts of meub; for it contaioed much gold and mlver 
and copper and iron in 00 small quantity, and cv^ tin and other 
metals which are employed in making articles of use and orua- 
mente, as well as the implemcnte and accoutremente of war^ 
Duiiog the invasion of Alexander the Great m the 4th century 
ti.C. the Indiau King Poms, who was defeated, pve a o 

40 lbs. of steel to the Greek conqnffror, showing m what^^ 

ihaa «> trutm? Utwa- 

( HTwn: ^ ‘ 

^uure I w-a«.V. lU- 
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cstim atjon was Indi an steed held in Europe. Chimikya or K:m ti! ya, 
the Indian Maichavdi and the vvell-knowri prime mintater oE 
Chandra Gupta + tULsin his well-known " Treatise on Polity " (Artha- 
sbostra) ltdt a magnificetit acictnjnt of the political, indnstrial^ sociil 
and military arganization of the fourth century b.c In it we ant 
only find the description of vaTiuns implements of warfare such 
as iron swords^ arrows^ shatagni (killer of inmdreds)^ axes^ spad^i 
etc,, liesidffl iron breast-plates and ArmonTj htit alstj the desCTiptioii 
of the fnncticins of an impartant state fwictionoiy called 'jlka- 
radhwakhya" or 'superintendent of mines/ I have not come 
across this word in nny other old Sanskrit writiTig, and the 
duties of this official show that there was forniCTly a regular 
government department responsible for mining work. The superin- 
tendent of mines should make trial borings ** with the Irelp of 
trained men who are versed in the kaowls^ige about metals and 
distillation of mercury. He shonld he an adept in the examinatioti 
of precious metals. He should be provided with necessary appara¬ 
tus and moke boiiugs in those places where the presence of slag, 
charcoal and <^hcs iudleates previous smelting nperations or in 
those places, either in the plains or at the foot of mountains, 
where the calonr or smell oE soil and ores would sugg^ the exis- 
lence of metals/^* ChAnokya also gives descriptions of and 
mines of g^^ld^ silver* copper^ iron, lead, tin and precious stones 
and mentions that tlic ores of iron should have a colcmr of the 
orange I faint red or red like vermilllon/ The ores evidently 
refer to brown and red lieematites (gairik] which are found abun¬ 
dantly in India. 

Abundant evidence has been quoted above to show that the 
use of iron was comincrn in India from iooo b.ci, to the fourth cen* 
lury D,c- I shall purposely avoid referring to the later Puranas and 
Sanskrit literature as we find that from the first or second century 
after Christ not only iron was being ns^^d in the arts and industries 
but also tn intern :d use ns a medklrte. The great feligious 

f%lTllTTrCH«rW= ^ WT 
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retoriMi and alchemist Nagarjauft who Edurished in the middle o 
the second century a.d. discovered the process of "killing" iron 
and other metals and even Introdtlced mercury preparations for 
mternal use. Moreover in spite of the fact that iron rosts very 
easUy, so many archamlogical specimens of irnti of great antiquity 
are found throughout India that these specimens^ alike remarkable 
for masaiveness and age, show the use of iron in India on a very 
extensive scale and in all ages. We would now ptoce^ to 
deacribe some of the important archieological speaincns of non 
found in different parts of India, 


or 
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Ancient SpECrbiSNs qf Ieon m InuTh^. 

prehistoric rRON IMPLEWENTS DISCOVERED IW 
TWNEVELLY. 

A very remarkable and large pomber of prebbtoric iron imple- 
cnents sneh as swords, daggers, tridents, spears, javelins, arrows, 
spades, hangers, saocer lamps^ beairi rods and tripotls has been 
unearthed dtirhig the excavation of numerous burial sites in 
the gmv^lly mounds of the Tiuncvelly district of the Madras 
Presidency, adjoining the valloy of the Timrapami river.* The 
age of these burial sites cannot be ascertained with an^^thing 
approaching approximation as the burial ums must have been 
sunk inside the earth in on age when the custom of crema- 
Lion was not introduced into Southern ludla. The Pandiyan 
Kingdom existed from a very early time, and is referred to in an 
Asoka inscription 250 b*c^ in Northern India.* The Fandyos were 
also known to the Sanskrit gi'ammarian Katyiyana whose date 
probably is not later than the fourth century B.c* Earlier and 
later writers mention them. In the R^mAyana and MahEbharat^ 
th e Fondlyans p Dravidas and Ch olas are tuentioned. The Pondiyans 
were in possessian of the Tinnevelly district from the earliest 
historical times.* The origuiol line of kings seems tn have conti¬ 
nued down to their conqoe>St by Eajetidra Chola iu A-n. 10G4* 
It would be hazardous to guess if urn burial was prevalent during 
the reign of the earliest Poudiyou kings, the custom of burial 
being supplanted by crematiou later on. 

However the most extensive prehistoric burial site was at 
Adittanattur. The itineral ums were large, one-legged, elongati.'d, 
giobtilar pots of thick red earthenware, averaging less thau a yard 
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in diameter by s sligbtly greater helgkL Ail iht urns had flat coni¬ 
cal covers and contaiDcd skulU or bones of a akdetoa accompaiued 
with EUtides. of pottery and of metals sneh as gold, bron^ and 
Uon, The gold ornmnents were oval diadems which appear to have 
been fastened to the forehead of a corpse^ The br0n2.es eschibit a 
high degree of skill in workmanrfiip and used for QTaainental pur¬ 
poses in the shape of vase stands^ bowlSj jars and cups. No stone 
implements of the palsedlithk or neolithic age were found The 
iron implements and arms were generally found outside tie nms 
with their points downwajds^ showing that they were thrust into 
the earth by the attendant mournera. Many of tie iron imple¬ 
ments were deeply corroded^ while others were fairly well-presefved* 
The swords were generally two feet or two feet four inches long 
and about two inches bmadr the blades being all double-edged. 
They had a spike nr an unn handle at the hilt which was attached 
to a wooden handle, tlie latter having decayed in most cases 
through age. A collection of these swords and daggers is shown in 
the aiine:ied plate. In the plate Nos 1^ 2, 4^ 19, 30 * 21 ^ 23^ 24, 

27, 2S, 29, 30, 31, 3^. 33, 34r 35. 3^, 37, 3®. 39 , 40 are daggers 
and the rest are swords. The daggers were generally eight to 
twelve inches long and one tn one half inch broad. Besides these 
weapons aumeroas ases* spades, arrows, javelins^ lances and iion 
lamps were also found, showing that iron was used in those remote 
times in makiug implements of every description* Tie nature of 
the iron ha.^ not been determined. Southern India was famous 
from remote times for its steel called ''wooU,"^ and it would not 
be a surprise if this very remarkable collection ol aucient weapons 
and implements turns out on e?miiuuation to be specimens of steely 
though the chances are that these weapons were made of wrought 
iron. 

IRDN FROM THE PJPRAHWA STUPA. 

In January x8g8, Mr. Wiiliam Feppe, a landholder of Birdpur 
in the Basti district, eicavaled on old stnpa near the vill^ of 

Piprihwft ' situated on his estate half a inile from the Nepal 

J. J«(inu1 Hejr«l AiiatJC Sodrty. *898. W- P' J*** '**’* 

p. SJO- 
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frontier and fourteen milte south-east of the mins at Kapillivasta 
Lhiring the excavatiuns a big stone-coffer was discoFetedj contain^ 
ing fnside two vases, one lots nqd one box^ ail made of soap-stone to¬ 
gether with a bcMitiful crystal bowl with a fish handle and numerous 
cut stones, and gold stars and leaves. The lellc unis contained 
pieces of hone, which, from an inscription on one of the vases^ 
ivere supposed to be the bones of the **■ divine Buddha** (the bouts 
were subsequently presented to the King of Siam). Mr. Peppe 
also discov'ered in the building to the e:^ of the stupa several 
objects oC iron, \nt a small iron speardiead, wth blade measuring 
di'Xi'X 1% and handle measuring 4i'', also an iron spike^ nails 
with large heads and sundry pieces of iron^ The Piprabwa vases 
afi w’^eUas ionr iron pieces, vis. the spear-head * two naib of ordinary 
size and one curved iron spike longer tlmn the nails have been 
preserved in the Indian Museum, Calcutta. The inscription is 
regarded m older than the reign of AsoVa, hdrig circa 4^‘50 B.C., but 
tlie iron articles were not found inside the stone-coffer but lu the 
monastery to the cast of the stupa, which Vincent Smith recom¬ 
mended to excavate as lie hoped that objects of Interest and 
inscriptions might be obtaincui. The monastery was possibly 
erected a few cenfcuriefi later^ and we may regard the iron article to 
be specimens of the first or second century The author has 

seen th@e articles; the spear-head bi^ rusted considerably but the 
nails have been, very well preserved. The nails show distinct signs 
rjf hammering and it b wonderful to see that tliey have been pre¬ 
served so well. Tlie iron is undoubtedly wrought iron, 

IRON IN THE BUI>I>HIST TEMPLE AT B0l>H-GAYA. 

Iron bos been discovered while excavating the foundations of 
the celebrated stupa at Bodh-Gaya and also as cisjiips in the 
adjoining temples. As the present custom is to preserve news¬ 
papers ad<I coins when laying lanndation stones of public build- 

I THr ciuit»DT|pfi« of Ui« Imiijin MuwUin, Colciitta, luote Adwh m Ibc 

tb which tbe Hpr^wi fiada arc cxbibEtC^ that the iron urida wctf 
obtoiticd in Ihs mmmstcry euC the atupA util Hot ituidc the Al 

cxtritrited mt preacat the aiiwaTr ct»er7cr will rttu nwii^ vJth the tinprculqai tb«t 
th« ifOT fiftieth wet? foimd ia the Itcnac-coIIvr a-ad therefi^e heTonfi to thr fiJtfa 
emttiry 
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ings, the aQcictit cmtoiB iras also similar in this respect, as 
various Cains, pteeiaiia stones, metals like gold, silver, copper, 
iron have been discovered while eicavatiag the foundations of old 
temples and monasteries. The stupa of Bodh Gaya is a venet- 
able one. Hoean Thsang described it in his travels.* The stupas 
have multiplied since .\saka first built a Bnddhwt bihir in Bodh* 
Gaya (3rd century b.C.), Afterwards the bihat was convtrtsd 
into a temple. General Cunningham was of opinion that the 
temple was constriicted by King Huvialta and that It was espind- 
ed in the fourth century'. Fergnsson, however, is of opinion that 
it was constmeted tn the 6th century.* However, the Aaokn 
foundations of the stupa, on escavation, bos yielded a piece of 
irnn slag which Ua* Iwen preserved in the Calcutte Museum* 
This piece of iron slag is, 1 believe, the most andent orchaedop- 
cal evidence of a historical nature of the immufacturc ol iron in 
India ns enrly as the third ccotuiy b.C. Besides the iron slag 
manv trnn damps five or six inches long and nbout 1 inch 
broad have been found in the mnm temple and various Stopa.-^ 
ill Bodb*Gaya and preserved in the Indian Museum. They have 
greaUy rusted. Such iron damps have tarsjely been used in the 
temples at Puri, Bhnbaneswat and Eonarak in Orissa from the 
axtb to the twelfth century. On account of the antlqtuty of the 
Bod 1 >*Gaya temple the iron slag and the iron damps are importMt 
in the history of the manufacture of iraa in ancient India, being 
specimens of the 3rd century b.C, to the 6th ceutory A.II. 1 am not 
aware of any oiiJiJy.sis of the iron, but there is littie doubt that 
the iron is wrought iron. 

IRON PILLAR AT DELHI. 

This cdehiated iron-pillar stands in a quadrangle adjuining 
the famous Kulub Minar, which is situated in a yiUage caUed 
Mikrauli (Mihirapuri) about la miles fmm the city of Dclbi. 
rt stands about 22 ft. above the ground, sad exact eircavattotts 
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have showi that it R«s about 20 incb« below the groi^d. 
Roscoe and Schorlemmer. whUe adniiring the mctoUurgic^ still o 
the ancimt tlindus, have repeated the original mistake of General 
Cuniiinghara in thinking it to he 6 d ft. in length. ” 

matter of fact it is 33 ft. S in. long. Writes Pergosson : It is a 
curious illostration how iHfScult it sometimes is to obtain miti^ 
information in India, that when General Cunningham pubUahed 
his reports in iS?!, he Stated, apparently on the authonty of 
Mr. Cooper, Deputv CommmaiiCTp that an Mcavation had been 
carried down to a depth of a 6 ft but without reaching the bottom 
The man in charge, however, assured him that the actual depth 
reached was 3 ^ ft. (Vol. I, p. 169)- consequently estimated 

the whole length at 60 ft., but fortunately ordered a new escava- 
tiou. determined to reach the bottom and found it at %Q inches 
below the surface fVol. IV. p. At n distance of a few inches 

bdow the surface it expands in a bulhuous form to a diarattcr m 
a ft. 4 in. and rests on a gridiron of iron bars, which are fastened 

t"ith lead into the stone pavement. * . c * j * 

The diameter of the pillar at the lower end is lb'4 and to¬ 
wards the top at the capital la-ns*- The capital which feimpa^d 
and of the bull pattern Ls 3 ft 6 in. in length. The weight a esti¬ 
mated to exceed six tons. 

There is an inscription on the pillnr which is unfortunately 
undated being a pojrthutrious eulogy in verse of a king named 
Chandra. The script as well as the text of the inscription have 
served as a due tu the fixation of the date of the coustructiDn 
of the pillai. Pritisep was of opinion that the script was of the 
3rd or 4th oentuiy a.p., while Bhai Daju held that it was of the 
end of the fifth or the beginning of the sixth centnry. Pergusson 
supposes it to be the work of some of the Chandra Rajaa of the 
Gupta family and places it in 3^3 « 4 «<* Hotuoele 

judges the ^aracters to be of the Gupta variety of the North- 
Eastern alphabet and unhesitatingly ascribes the iron pillar to 
Chandra Gupta H and assigns it the approximate date of 410 
A.i>.* Dr. Hommle’s opinion is fully confimed by Vincent Smith 
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who oil the of the test of the ioaciiption has also 

come to the eoncIttBion that the Kiqg referred to is no other than 
Chnndm Gupta IT. We give below a tmtis-lation of the inscription 
as given hy Dr^ rieet and modified hy Viooent Stnith.^ ** The lofty 
standard of the divine Vishnu was erected on Mount Vishtiiipada 
by King Chandra, whose thousi^ts were devoted in faith to Vishnti- 
The beauty of that king's countenance was as that of the full mooii; 
—by him, with hb own arm, sole world-wide di>niain was Required* 
and long held ; and althongh^ as If wearied, he has in bodily form 
quitted this earthy and passed to the otheT'World country won 
by his merit, yet IQce the embers of a quenched fire in a great 
forest, the glow of his foe-deatroyiug energy quits not the earth; by 
the breexes of hb prowess the southern ocean k stiU perfuTiied 
by him, having crei^d the seven mouths of the ludus^ were the 
Vahhhns Vanquished in battle; and when warming in the Vang a 
countries he breasted and destroyed the enemies confederate 
against hinij fame was inscribed on [thdr] arm by hk sword/* 
The facts recorded in the inscriptia-u thus are that the pillar 
erected in honour of Vishnu on Mount Vishnupada (Visbuu^s foot) 
by a monarch named Chandra, who had long enjoyed wnrSd-wtde 
sovereignty, but was deceased at the time whea the inscription was 
engraved, and that this sovereign defeated a hostile confederacy in 
the Vaiiga countries, and hadi after croasmg the seven taouths of 
the Stadhu or ludus^ vanquished the Vililikas. Vincent Smith is 
convinced that the erupernr referred to in the in^ription is fin other 
thflti Chandra Gupta 11 , m whose reign the^ Gupta empire attained 
Its dimax, Chandra Gupta ll died in A-d* 413, and the posthu- 

fc Vinismt Sfllltli t Jonroil* Aiiatic Society, 1^7 p- ^ \1iiccnt Smith 

writes E *■ The word whicb Wc tf omlmtif ■ IfU I*illi/ h *rtnily 

1*01! carlJtftraaihtar*fiegflnlsii thh word a pra|KT liAtttP. and xupJxsKJ tbc amne 
ffT tJi€ tinjf istunieEtiar»ted to be DMv*- But the KraamctfiMa of tliE simtEEli:^ 
««rcdy at this brtwrpwlfltiq^ The m of m twu nmnes J^khvm mid 

Chandra fat the one purioii in ludl R bifd ftciJffd, without R WO«l of eaplAtmtSoii 
or jimpliecfitloii, wvtlld be inUdirmbly Tmrah eompojiiJDn, aitd It il to my mind 
quite isctedfhle that the writer iutendod the king two nHmi!i. The correc 
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mous inscription, which wtts presuinably executed by his successor 
soon after his decease, must be dated not Inter than A, 0 . 415. 
This dctermiiiatioii settles within a year or two the date of a verj 
remarkable and interesting monument which has always attracted 
the attention of all travellers. 

There is another tliiug in connection with the erection of this 
pillar which is of great importance. The mscription Says that the 
pillar was erected ofi a hiil called \ ishnupada, whilst as a matter 
of fact the place in which it stands at present is a level country, 
Vincent Smith contctids, and there is evidently much force in his 
contention, that the pDlar was originally erected in some other 
place which ' ‘ must have been a well-known spot frerjuented by 
Vaisbnava pilgrims, within the Gupta dominioos and not very 
remote from Delhi. Alt the conditions of such a place are satis- 
Ecd by Matbuifl" which is less than eighty miles from Kulab 
Minor. Vincent Smith supposes tliat “ the Eatm Monad, where 
the magnificent temple of Vishnu, under the name of Keshavn, 
once atood, may very probably prove to be ' Vishniipada giri,' 
the mount of Vishnu’s footmark, mentioned in the inscriptLon.'’ 
He al<n concludes that the pillar was removed to its present site 
by Anonga Pal TI in or about a* 050 when he founded the city 
of Drfhi de novo. This conclusion is supported by the compara¬ 
tively new structure of the platform on which the pillar is erected 
as well as the fact that there is another inscription nn the pillar 
itself in which Ananga Pal Lumounces the date of the foondatiou 
of Delhi by himself. 

For some time there eidsted a good deal of misconcepticni 
regarding the compositioo of the material of which the pillar was 
made. There was a local tradition that it was made of ''saptar 
dbatn ” or Seven metals, and from the peculiar yellow colour of the 
top of the pillar many people supposed it to be a costing of bras-s 
or copper. All doubts were removed when General Cunningham 
had two specimens of the metal analysed, one by Dr. Sluiray 
Thomson of the Eoorkee Engineering College and the other by 
Dr. Percy of the School of Mines. Both found it to be wrought 
iron without an alloy, The speofic gravity of the metal was 
tlvnt of purest wrought iron being 7'84* Quite reoently a rom- 
plelc analysts of the metal has been published by Sir Robert 
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Hadfidd,’ whtJ found its ^eci£c gravity to be 7-81. The results 
of analysis are:— 


Iron 


. 99720 per cent. 

Carbon 


•oSo „ 

SdicQU 


■046 

Sulphur 


.. *006 ,. 

Phosphorus 


*ti4 .. 

Manganese 

-■ 

Nil 


Tdtal 

.. 99-966 


Tbe analysis shows that the metal was pure wiought iron 
having rtu manganesep a. somewhat special point, as wrought iron 
lisnatly c^ontah^ manganese.” The low proportton of sulphnr 
shQws that the fuel employed must have been eharenal and that 
tbe Ores mnat also have been pare. It will be explained later on 
that probably ** high phr>sphnnis aud low stiLpbnr and mangaae^e” 
have contdbntjed to the capacity of the irod in resisting the rastiDg 
indueDce qf rain and wind for full fifteen centuries^ 

This remarkable monnment of the metoUurgical skiO of the 
ancient Hindus has won the unstinted admiration of all who have 
seen it. Chemists^ arcbscoIog^tSi travellers^ engineers and geolo- 
gjFts arc unanimous in pmnonndng this pillar of wrought iron as 
unique in the annals of metallurgy m the four quarters of the 
globe. We cannot do better than conclude our account of this 
pUlar with quotation-s from the opinions of some of these expert 
observers. 

Roscoe and Schorlemmer in thdr wdl-known Treatise on 
Chemistry" have remarked that ** the dexterity exhibited by the 
Hindus in the manufacture of wrought iron may be estimated 
from the fact of tbe existence in the Mosque of the Rutub near 
Delhi of a wrought non pillar no le^ than 60 feet in length. This 
pillar stands about 30 feet out of ground and has an ornamental 
cap bearing an inscription in Sanskrit belonging to the fourth 
century. It [s not an easy operation at the present day to forge 
snch a mass with our largest mils and steam hammers; how this 
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Could be effected bf the rude hund-labour of the Hindus we are 
at a loss to ooderstaod." Though the t.vo dlst^suished ch.ms^ 
have made a miatokc, as has already beeo pointed out. 
itiH that the Delhi piUai in 6o feet high, while as a matta of 
ite height b 23 feet 8 inches, ueverthcless their eulo^ 
wdtdcservcd. Roscoe and Schorlcmmer were eindetitly 
of the eristence of the Dhar pillar, which » 43 8 inches long, 

and the numerous iron girders m the temples of Orissa, ” 

whidi are even 35 r«t in length. These gigantic 
were constructed, as has been eaplmned afterwards, by forging 

small blooms of wrought iron. - . - . „ 

Fenjnssnn, thife gmat aichieoloEist, has written Taking A-d. 
400 as a mean dat^and it certainly is not far from the tmth^lt 
opens anr eyes to an nosuspected sUtc of affairs to find the 
^05 at that age capable of forging a bar of iron la^er than 
auv that have been forged even in Europe up to a very late date, 
and not frequently even now. As we find them, however, some 
centuries afterwards, using bam as long as ® 

porch of the temple at Kanarik, we roust now believe ^at ^ey 
Lm much more famUiai with the use of this metal than they 
afterwards became. It is almost equally startling to find that 
after an rmpremre to wind and rdns for fourteen ccntuncR it is un¬ 
rusted and the capital and inscription are as clear and as sharp 

now 03 when put np fifteen centuries ago.” * 

Theopinion of two engineers isgiveti below. Oneeugin^rsays. 
- Nothing heretofore brought to light in the toory of metallui^ 
tetris more striking to the reason as weU as the imagination, than 
this fact that from the remote time when Hctigist was mling Kent 
and Cedric landing to plunder our barbarous ancestors iii Sosseic 
down to that of oni Third Heury. while all Europe wfls m the worst 
darkness and confusion of the Middle Ages^when the largest and 
best foiging producible In Christendom was an ase or n sword 
blad«^thffie ancient peoples in Indb possesed a great iron manu¬ 
facture. whose products Europe even half a century ago Muld nnt 
have equalled.” Aitother eugineei’s opinion mU also be found to 
be interesting-” while cosadering for^ng of large mosses of iron 

I Fciga*«», « Hi-torr m tndJic •.ni Ean.t» AfeUitertuw. ' Vot 11. p, r&s. 
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and steel, it is not to forget the impresaioti caused by first 
seeing the iron pUlar at Delhi. This cotomn of motight voo 
which is l6 Inches in diameter, of which 2z feet are above^e 
ground, and which is said to be 50 

18 tons is finished perfectly round and smooth, witli an ornamental 
top. and was made many centuries ago from iron produced dtrett 
from the ore and bnilt up piece by piece. Remembering the lack 
of iadlities men had in those days for first forging nnd then weULng 
tc^etlier such an enormous mass mates one wonder at the iron 
worker of those days, who must have possessed enginee^g ability 
cliumiiie the admiration of our timei^ It is questionable 
the whole of the iron works of Europe and America <muld have 
produced a similar column of wrought iron sif short a time ago os 
the cjthibitlDU of 1851-** * 

iron beaks in the TEiVfPLES AT BHUBANESWAR. 

FURt ANU RONARAK IN ORISSA, 

Orissa is famous for her temples. The magnificent temple at 
Bhubaneswar, the black pagoda of Kooarak. and the wWte pagoda 
of Puri arc remarkable specimens of Hindu ar<d«t«toc of the 
Middle Ages. Of these gigantic temples the one at Bhubaneswar 
is the oldest, heing constructed in a.d. 640. The templerr^ri 
was bmlt in the rath centory (a.d, 1174}- From archiTe^ra! 
considerations F^rgnsson was of opinion that the Hack pag 
Kooarak, which was so aitnilar in workmanship to the great 
temple at Bhubaneswar. mast have been bodt two or^ee cen¬ 
turies after the Bhubaneswar temple, but certainly Iwfofc the 
time of the erection of the Puri temples. Mr. Biflhan Swamp in 
his excellent work on the Konarak temple concludes after a care* 
ful esamination of old records and literature on the subjert l^at 
the temple of Konarka was built by Pnrandra Kc&ari m the latter 
half of the 9th century and its Natmandir was constructed m 
1241 by Raja(Nagioo) Narsinba Deva of the Gangetic ds^^ty* 

A very remaikable thing regarding these temple is the exten- 

~ 1 Prudential .ddr* t- thr of ll«haa]cd Load™. 
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alve use of iron beoms in supporting the rctofe and for other 
purposes. At Bhubaneswar '* in the ioioiag of long projecthig 
cornices and roof stones iron damps were frequently employed *' ' 
and iroD beams also may be seen in great abundance. 

At Puri iron tieatna have beau much more extensively used and 
ore of buger dimensiqttik In the Guodudubari or Garden Temple 
at Puri, where the images of Jaggemath and hia brother Balaram 
and sister Subbadia are taken after the car festival in June or July 
for ten daySi as many as 239 tton beams ranging up to 17 f*ct 
long and up to 6 by 4 of 5 by 6 inches section have been eonnted. 
We giye a list of these iron beams prepared by 3 tr. N, C R. Chau- 
dhuri, the District Engineer at Puri, and quoted by Mr. H. G. 
Graves.* 

Nttmber of Ifeawis st the Lintels of the Doors. 

Item I . - Tt 

„ 2 

n 3 • * ■ * 


rotal 


12 

38 

45 


95 


Number of Beams below Templo, Pillar Plates^ etc. 


Item 4 
« 5 

,, 8 


tl2 

M 


Total .. T44 

Grand Total .. 239 


I n^jeudfa Ijdl Ultra, " AntiqultliM of Oiuh/ ' VoL I, p. 3S. 

I a. ft. Gnvts. “ Jounjal ii( the Iiffi and Stet) loititiite,'* ipia. VoL 
LXXXV, No. I. MQ-a. 
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I. At the LinteU 0 / Doors m the Outer Comfound iVnJJ'. 
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3 - At tht Lintfts of the Inner Doors of the Garden Temple. 



4, Pilhr Plates (ictVAin the tetupU). 


No. 

leUng^ 

BTfiultii. 

Height 


In. 

loebiv. 

Intiies. 

IJ 

If a 

f 

4 

4 

10 10 1 

$ 

A 

16 






































Iron in AncietU India. 


^5 


5. B£am& bchw TempU. 
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6. Beams at the Corner of the Tmpk Room. 


No. 


Bmdih. 

Bcffibt. 
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taeba^ 

4 
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From the enumetaticni of as tmLoy as 239 p^ieoes in the 
Gtinduchib^ T«nplc': it is oertaio that iron beams have similarly 
been used on an extensive sc^e In the main temple iCselL 

At Konarak the t^eatns are even Larger in dimetisioiis. Stir- 
lingj who ^dsited the shrine [p rS^^ saw nine iron beams nearly one 
foot square and 18 to 21 feet long.^ Fergufflou, vrho visited 
Konarak in 1838^ makes the section lees* vii. 8 inches by 9 inches^ 
but the lengths greater to feet. Dr. Hajendra Lall Mlitra makes 
the length of the beams tet with average txom section 8 inches 
by 10 inches. The Konamk temple was more or less in complete 
mins until regular work of preservation* commenced under the 
Government of Sir John Woodbnm* Lientcnant-Govemor of 
Bengal (Ori^a was then a part of Bengal). Only a heap of debris 
and the dilapidated porch in the front remained while the N&t- 


I !^EJrtiiia^ AfiAtlc Rametieii VaL XV i ^ 
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niandir and oth^ temples wei^ btirieil under drift sea-snnjl 
probably two or tbree centuries previousiy* In 1901 the ercaim- 
tion of sand round the maiii temple was comineiic:ed and beautiful 
fmrvings and other objects of architectural value* including iron 
beams^ were discovered* Whilst Stirling saw in 1824 only nine 
beams^ Mr H, B, Graves has counted in 1912 as many as twenty- 
nine beams at Konarak* the largest being 35 feet long and 7 to 
inches square f weighing about 6000 lbs. There is another beam 23J 
feet in length and ir by io| inches in section which was a part of 
a much longer beniHj the other md missLng. Some of the pieces 
are only 5 or G feet In length and* could they be matched, it would 
probably result in not fewer then twenty complete beams*"* 

The forging of the Orissnn beams is not so perfect as in the 
case of the Bcllii pillar, the weld lines being more or less per¬ 
fectly visible and cinder lines aod cinder more or less apparent in 
many beams, ^ 

The irop used ia undoubtedly pure wicmght iron. I wft$ gtycn 
for analysis a specimen of Konarak iron—a detached piece from 
a beam, in an exceUent state of preservation—by the Vareudra 
Research Society* 

A small piece of it could be easily flattened out into a thiu 
sheet showing it to be wrought iron. The Jesuits of analysis are 
below* 

Spedfic gravity 7-8. 

Iran (estimated directly)*, 

Carbon 
Sulphur 

PhosphoTOs , ♦- 

31 anganese 


99-64 per cent* 

traces* 

traces. 

"r5 per cent* 
niL 


9979 


The oattire of the iron is almost simBar to the iron of the 
Delhi pillar^ manganese being absent and phosphorus high with 
traces of carbon and sulphur* 

I Tbe tiid tbt db^un m tV stc nproducrd by pcfmlfli&H 

ol tbr Sccnrltry of the Imd aiid£t<«i Imtitvte. The besra agaiiift irhkh tll« itnlk- 
ing rtick gundi Ir lUvplj Goemsded with hdu Inta whf-ch a ittek ecuJcl b« 
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Fig. 1. iron at Konarak^ 

tjuumdil, Jfi^n and St«l i, t^j.] 






Fig. 2 Glooms Konnroii fron- 

{JiiurndJ, Imn iinfl Htiu] ZniFtElrntt. No. 1« pa|;r 1974 
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THE IRON PILLAR AT DKAR. 

Bestdesthe celebrated pilUr at Delhi there exist trvo other iron 
pUlara in ladia, viz, at Dhar, the andeot capital of MaJava, and 
on Mount Abu in Rajputana, respectively, to which I would' lifee 
to attract the attention of the scientific world. FerRnsson' in hfc 
" History of Indian and Eastern Architecture ’'; Vincent Smith' 
in his article “ Tlie Iron Pillar at Dhar,” and Barnes* * in his 
*' Dbar and Mandu ” have already dwelt on the subject of the 
great iron pitlar at Dhar, whilst a fnj) accouat of this pOlar has 
been given by Mr. H. Cousens in the annual report of the Archaeo¬ 
logical Survey of India, iqoa*3 (pp. and a translation of 

.Akbar s Persian Inscription has been given la Epigraphica Mos- 
lemica." » It » rather strange that the attention ol the sdentific 
ivorld has not siiffidently been drawn to this pillar as in the ease 
of the one at Delhi, though as regards dimensions the Dhar pillar 
comes to be the bigger of the two, the former being 43’ 8' long and 
the latter 13' 8'. Vincent Smith has rightly reraarked, ' WTiilst 
^ve marvel at the akfll .shown by the ancient artificers in forging a 
great mass of the Delhi pillar, we must gjve a still greater mea¬ 
sure of admiration to the forgotten craftsmen who dealt so suc¬ 
cessfully in producing the still more ponderous iron mass of the 
Dhor pillar monument with its total length of feet,” 

The re^nn, I believe, why the Dhar pillar has hitherto failed 
to receive its due share of praise is that it is lying brokea iii three 
pieces, of which the first and largest is 24 feet 3 Inches and is square 
insection. It could be seen half buriedneorthe northern gate of the 
“ Lat MfLsjid *' of Sultan Oilwar Hhan (1405 A,ii'.l. The second 
one, ti feety inches long, now lies in the courtyard of the Auanda 
High School; its shape is uot uniform throughout, d feet fi 
being square and 3 feet i inch octogonaL The third piece is 
rcmainiDg imbedded within the moaoniy foundations of the public 
E®fden named Ealbag aud is y feet 6 inches long and rectangular 
almost throughout its length. The average width is lof inches. 

1 Fcliiliaioq, Hutoiy oJ lodun and ^ubru Aictutecturr WTllcd bj- Lf-fft 
flergesa laJ SjiEiira (nnir Edition), Vot U p. *4r- 

* ^SadUi. JoBmiil AoisUc Sodclj, 18191. 

> E- BnoM, Jonmil Bombay Bianca of tha Royal Ampe ‘iodetjr, VoL. 
XXXI. * EptBiopluca M oal enif e*, i9G9>io, p. t j. 
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Oiii* etifl oi tb^ larg^ pitce, wlikiii was origitmlly the baae^ is 
bulbiidua. hke the base of the Delhi pllhir, aboat no inches having 
t>een imbedded m stone which in tum is iastwied witbla iron bare. 
A fottctH piece seems to be missing, as Judged trom tbe proportions 
of the square and octagDUal seetbios, so that the original total 
height q 1 the pillar was something like 50 feet. The pillar holds 
on one of its surface Akbar^s Persian Loscriptioiis, while Devnagn 
letters of the 14tU century are chiselled here and there. Several 
Sloan bolesf measuring from if inchi^ to j inches, surround the 
pillar, but they arc not equidistant from each other. The wdgbt of 
the pillar is estimated to be 7 tons, one ton greater than the weight 
of the I>elhi pillar. 

There exists a diversity of opinion regarding the object of the 
erection of this pillar. Fergussoti holds that the pillar is not a 
pillar of victory like the Ddhi pillar, but served some useful purpose 
like the iron beams at fCouarak^ as otherwise it would have been 
ruund throughout or have eonlaiued an ortiameatal capital/ 
Coosens on tlie other hand takes it to be a Jayasthambha 
(pillar of \uctory) and 1 thiuk Conscfis is right in his opinion for the 
foUo^jig reasons t— 

(I) Of the three iron-pill are whldi have hitherto been dbsr 
covered two have undoubtedly beeu pillars of victor^', the proha- 
biHt>' thf tefore is that the Dbar pillar Is similarly a ja>itimiqljiha. 

( 1 ) The lower part of this pillar b a little fiat and bulhuons 
like the Delhi pillar and is enclosed in stone and iron bars to have 
it buried, so the prahability of its beiug used as a heaui like those 
of ^ouarak is very small indeed. Moreover there are many 
beams at Konamk, Puri and Bhubaneswar, while it is diHieult to 
iifiogine how one pillar could be used for meclianlca! purposes. 

(3) Fergusson’s tnain objection is the absence of ao^'tertumJ 
work. Engravings on iron, it mmt be home in mind, iq not so 

as on stone^ hut there should exist, m a matter of course, some 
distinctive figure to mark a piUar as one of victory, as for exmuple 
there is a trisbiil ** (trident) on the iron pillar on Mount Abu* 
It h v«uy pfubabSc that a capital with a figure adorned the sum¬ 
mit of this pUlar a* Mi. Lmny, Director of Public Instruction, 

K Pergiifcaict. Indlui Biyl V*l . 11, 
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Sindhqbuined a capital stone neat it wMch prDhabl3' was the 
receptacle of a figtire of ** Ganir,^' which oscd to he eogra^ed on 
the coins of the Hmdn Eiogs of Milava, 

(4) Some have gone so far a5 to suggest from the small holes 
on the sides of the pillar that it was used as a "" djpdan ** (lamp- 
post). This suggestion is negatived hy the fact that djpdans 
liitherto discovered are all made either of stone or bricks, but not 
of iron. Moreover the holes would have been equidistant if the 
pillar was really a lamp-post, Coitsideriug the Unequal interviab 
betweeu the holes ^ Cunsens supposes that these piUi were used ftir 
the purpose of inserting some iustnitnefit Hke Cfuwbnf5 while the 
pillar was b^ng forged and welded^ 

The reasons stated above untiirnlly lead one to the coucluMon 
that the piUar was really a pillar of victory. 

As regards Lhe date of its erection, Vincent Suiith supposes 
that like the Delhi pillar, the one at Dliar was also erected dniing 
the time of iheGtiptn Bmperoi^^ This statement has not how¬ 
ever lieen corroborated by any other autiurity. 

The Moghul Emperor Jehangir in his autobiography writes: 

Outside this fort (of Dhar) there is a J&mi ^(asjid and a square 
pillar lies in front of the Masfid wnth some portious imbedded 
in the ground. When Bahadur Shah conquered Mainva he wa.s 
anxiousto take the pillar with him toGuzerat lutheactof digging 
outt it fell down and was broken into two pieces (one piece 32 feet 
long and the other 13 feet). I (Jehaugir) have seen it lying on 
the groond carelessly and so ordered the bigger piece to be carried 
to Agra, which I hope to be used as a lamp-post In the courtyard of 
my fathexV (Akbar'$) tomb,*' • Obviously Jehangir's orders were 
not carried out, though we Isom that the pillar was broken in the 
act of uplifting it during Bahadur Shab*s invasion, of MMava^ 
Akbnr^s iiLscriptioils only show that the Emperor approflched Dhar 
at the time of conquering the Dcccan. One fact however is certain, 
viz. that DU war Ghorf gave the name *' hit Mosjid ** to the uiosque 
erected by him after the ** lat or pillar in front of it Sultan 
Dilwar Gbori ascended the throne of Malava in 1401 A.D- ^»that thi? 


J V^ide^t Suiitlj, JouJiLfll Roifid AidJttjc tJJvS- 

i Tauuk+J ri pp. 
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* iat ^ must have been tn ejcistence at least two or three centuries be¬ 
fore; so that the a|Tprnminate date of its erection maf be taken as the 
twelfth century A.D* from an e^tmninntioti of its mode 

uf constrnciion holds that it is a work of the tenth or ekventh cen- 
tnryJ Local tradition points to Raja Vikramaditya nr Raja Bhoja 
of Molava as the King during whose reign the pillar was erected 
whdst Cause ns that Raja Arjtmvatoia Deb bnilt tfik pillar 
with the roolten implements of war left in the battlefield by his 
enemies during his attack on Gnr.erat as a mark of victory in lziq 
A.&. We would not however be? far wmiii5 in concluding that the 
Dhar pillar was erected in the twelfth century. 

I mn not aware of any ftDsJysis of the ifnn of this pillar. 
Local tradition states that it is made of seven metals (saptadhatn)^, 
but stich tradition was also current at Ddhi aba. If Couseu'^s 
theory be tme^ viz., that the pillar was made by melting down 
the weapons left fay the enemyj then the pillar should be made 
mainly of steel. As a proof of this theory white shining patches 
are shown on the pillar as indicating silver obtained from the silver 
hilts of swords^ Such a theory on the face til it is improbable^ as 
such an enDnnaua coluniu of steel was incapable of being forged- 
This pillar like the one at Delhi b undoubtedly made of wrought 
iron and in a simSar nLanner. 

In concluding my nfaservations on the Dhar pillar, 1 would 
request the Archaeological Department of India bii have the iron 
analysed and also to build up the entire pillar into one whole by 
putting the broken pieces over one another. It must not be for¬ 
gotten that the Dhar pillax in its completed conditioii would be 
the biggest iron ptlLox in the whole world, 

THE IRON PILLAR ON MOUNT AHU- 

On Mount Abo^ situated tn the lower part of Rajputana, stands 
the temple Achaleswar, bnilt in ajj. 1412 (sajnbat 146S), An iron 


I Ferffiu^oii, ibid. 

t TlJii R«j« Ebciia wai « Itiag {lOlO-lOjl c^UeiS Bkoj# 

PmrBsnMr He l& ft dhf^rcBl psfcmAge fr&tii th^ Otb^ king of th« mmm^ nnnic 
(VtHfflnt Smitti-ft Eftfl,^ Hinwy of Lh^em, oditlini, p jfij}. It tbe pCIUiT 

fW rwUlT crated EnjA tljn dAtir d Iti would be cSrmtb ten- 
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Iron Pllfar On Mount Ab^i 

(UrftWQ 4UI cnSiir^j^ tram a iJcet^zh of th? pLtlkir j^yim in 
PUte XX XI p Attrind Hrport ^ ArchiucelL'ajfxri.1 San-cy 
Ilf TihIEa, 
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pillor—the third of its kind —12 feet q inches high is situated in 
the courtyatd of the temple with a Saiva trisul or trident opi it& 
top. tt 15 stated that just before the death of the Pathan 
Emperor Alauddin, when rebellion broke out in all parts of Indiii, 
the Hindus defeated the Muf^almatis and built this pill nr as a 
mark of victory with the molten implements of war left by the 
flying Mnssulnians.^ The iron of the pillar has not yet been under 
eicamination, hut I have httle hesitation in concluding that the 
pillar [5 made of wrouglit iron in a similar mimner as tile Dellii and 
Ohar ptUars. The iron of this pilUr as wd 3 as that of the Delhi pillar 
were probably obtained From Rajpntana . as miniErons hillocks 
of iron slag exist near Khetrj and other places in Rajputamit show¬ 
ing that iron was smelted there in large quantities from ancient 
times, 

IROH IN THE GATES OF SOMNATH. 

Dr. P* * C. Ray in his History at Hindu ChemistTy has written 
The wronghbiron pillar close to the Kutub near Delhi, which 
weighs ten tons* and is some 1500 years old^ the huge iron girders 
at Pufi; the ornamental gates of Sotnnath, and the 24 feet wrought- 
iron gun at Nur^-ar are mnnumeubs of a bye-gone art and hear 
siknt but eloquent testimony to the marvellous nietajlurgkal skill 
attciined by the Hindus.^" The Delhi pillar and the Puri gkders 
certainly bear * sUent hot eloquent testimony" to the metfillurgical 
skill of the HiudnSr and the wronght-iron gun also does so in a 
certain sense, as though guns were introduced by the Mahom1^^daIlS 
into India after the ^oghnl eon quest, the workers in iron, as 
will be shown later on^ were mostly Hindus. As regards the oma- 
mental gates of the celebrated temple of Somnatfa carried away by 
Mahmood to Ghazni in the iron in the gates however cannot 
be regarded os a speeimeti of tndiau iron. Fergu-S-son says that 
the original gates of Souinalh were made of saadal-wood and 
microscopic examinstion of the wood of the present Somnath gates ^ 
triumphantly brought back by Lard EUenborough at the conelii- 
stoii of the second Al^an War and now deposited in the Agra 
fort, reveals the fact that they are made of Deodar wood. Prof* 


i C H. CfHLKiu^ AniEDsU ItVftiTi, AFL^M^mkiieiciJ Sarrcr of IihUa, 

* Th4i i» m tailttAk^. The pillar weiBEki ttsoat 6 tooA, 
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SLmpsoH. thtwell-lcnowti artiat, says " Kude repairs are done in the 
gates with scraps of wood and iron." * As suspicion hns been 
tiirown by authoritative writers on the authentidw of the el aims 
of the gates deposited in the Agra fort to be identical with the 
gates of Somnath. and even if assuming that the gates are authen¬ 
tic, the pieces of iron used in making rude repairs in the gates 
cannot he regarded as specimens of ancient Indian iron. The 
same mistake of regarding the iron in the Somnath fSomnalij gates 
as a specimen of Indian iron has been made by Dr. Kumarswamy 
in his work on Ceylonese Art and by Sir Robert Hadfield who has 
quoted his teni^rks.* 

IRON GUNS AND CANNON^ 

It baft already beeo pointed that a lono of iron &re-we-ipoo 
was kuoum even in Vedic times (p. 5 h I* ^ also nndonhted 
that some sort of fire-weapon waa know'n during the epic age aa we 
find frequent mention of ’ Satagni' [kiUer of hundreds). ' ngneya- 
astta* (fire-weapon), and ‘ n&lika-astra' (tube-weapon) m tire 
epics and ancient Sanskrit Utcrature. But it seems that guns and 
cannon and the use of gunpowder were unknown in India before 
the Uoghul conquest. Guns were first employed by Babar in the 
first battle of Panipat m 1526 and were introduced in Southern 
India by the Portuguese. Guns and cannon, as well as formula for 
the manufacture of gunpowder, have been giveniti a Sanskrit work 
entitled SttAram/i. a compilation evidently of the sixteenth century. 
In SitkttiftiH, khitdra-mlika stands for small guns or matchlocks 
and fcriiianKa^ifai for big guns nr cannon. The matchlijck was 2) 
cubits long with a longitudinal bom of the thicktiess of the middle 
finger and provided with two raised points in order to take aim. 

I Ecene’s ‘ Agn.' AppC»4iE. 

1 Jfun tii AUandJinU ftiei i» OeShi; While TidliagNorlheni India In 1909 1 
bappened te ahsovc tlur Luidc 1 broken place in tbe oeTf^hrated ' AUaaddfal's 
Dand’j near tha Eotub Ultiar at Delhi aamethlng like tfon wna vijihte. tJi^ 
htoken plan had a diamctEf of 1 or J inchaa and it appeated tltat the buge atwe 
l^atea had in the la^de iraa ptatn [fl order to give ibern mota itten^. 1 men 
Hon thia lait hate at It tuay atuaet the natlcs of tie ArcMiolaglcal Surrey at 
India who may aacatoine the gatia mote Ihotottsbly. The gat** conatriaoied 
by thecelehraied I'nthan Ewperof AJtauddin EhlUIjiin ijo; or ijij (Uciiiy Hardy 
Calt’a Aichitcctuieof Andcnt DcUd). If fliy aai|FEclaa about this imn mtna out to 
b« oairect. It would Iw a apeciotea of iron of the tlmia of the fallun mien of Delhi. 
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Th<; gunpowdef was ignited by means of a fuse* the fire being origl- 
nated by percussion of powdered stone struck with a hammer. 
The matchlocks had wooden handles and were used by Infantry and 
cavalry. The big guns were carried in carriages* had no wooden 
handles^ and thdr range depended on the thicknesg of th e metal- 
plate and bore* their length and ske of balls.* These passages have 
misled many people* including the late Mr* Raendas Sen, into be¬ 
lieving that guns and gunpowder were known to the ancient 
Hind 05 . Dr. Rajendra Lai Mitra and Dr. P* C Ray oa the otlicr 
hand regard them to he eitlier spurious or in the nattue of later 
interpolations." 

1 The (irj£;(iiat patEOSBii in Sithwiamili bIb ^no b«lAW s— 

WrPil^ fffW #■ 1 

■* * 

*TWT^bfwpiTr^ i 

rf^ • 

aimir afWwrf^fv: j 

wwt ^wT ^ trwT wmfkwi^n^ i 
wwr nm * 

^qatiamfoi n 

wif i 

vrnli % 

U i^F^ , IV, 7* 

r'crzimlK far Lbe mimiifKctuiE at guspawdet fnne fomiiJ* tym&g ^ pvti &[ 
aitre, i af lulFlinr aud i p«rt Kti irbjifcDfil) and de»aiptian at tmd balb 

atio gifniHl, 

i I Btn airoM it Cltdlnt ^ell be eiantendi?d that tlw poEtblU cf Chapler IV wTifdb 
^fre acemanti of gap ciUitioii niiil |pinpoiTder were mnif Into Jatdfpal^atiQai, ilb 
gcuia an^ CiOfloa ban been miimtlmied £u maiiT- placei ikmu^koui tk^ iHg- 

thtt idea tiaot tbe work waa written, at vay rate tewditea, after the ±ntra- 
ductlon of gutu and f^tapowder Iq BefCiIca men UnfllUK aniu and gunpowder 

SiiAraKFifi mentUiEHt Yav^nm er J^JIdcAokaj Ifviiin in ' HToTtk and Weffttm ^ Indlii, 
cridentlf referris^ to tile M n a iwlin ant. That the wnrk eonld not bive been wrtltcti 
beTote the loarteenUi ctntnry 1j borne cut by tbe fact that it muntfena ■ Ztne ^ ae 
enc iJ the lETen metati, while a? 4 innttEr nf fact only dx metala were lecogaLmi 
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Tavernier^ bowevcTi pves the croiit of discovering guns and 
gunpowder to the Ahoms of Assam. In narrating the result ol 
Mir Jtimla's ejLpedttion to Assam in 1663 Tavernier wrote, It is 
thom;ht that these (tJie Alioms) were the people that tottnerly 
invented gunpowder: which spread iteelf Irom Assam to Pegu and 
from Pegu to China, whence the mventian has been attributed to 
the Chinese However, oertain it is that Mirghnola brought from 
thence several pieocs of cannon which were aji iron guns^ and s^^ore 
of excellent powder^ both made in the country. The powdei is 
round and small like ours and of excellent quality/" ' Mr Gait in 
his Hisiory 0/ howeverp writes that there was no history or 

tradirion in Assam to support Tavernier* *s assertion. Mr, t^ait 
further writes, *-Theme of fire-'anns by the Aboms dates From the 
dose of this war fwar with the Mahomedans under Tnrbak and 
Hosnln Khan in 1553, in whieh the Mahotnedaus were defeated and 
a great number of cannon nnd matchlocks were captured by the 
Ahoms)^ Up to this time their weapons had consisted of swords^ 
spears and bows and arrows."^ * It is possible that some of these 
captured guns were recaptured by Mir Jumla from the Ahnins 
during his mvasion of Assam iatm on, and hence TSvernier's 
as^rtion. 

We would now" desern^e some remarkable specimens of very 
big iton guns of the Moghul times still existing in difierent parts 
of India, Cum were cast in brass or made by welding pieces or 
riugs of wrought iron, Laterly guns were made from cast iron as 
well, but it is diOicult to say predsety wbeu iron guns were first 
cast. It seems that cast-iron gims were introduced into India by 
the Europeans Ui the eighteepth century* 


op to th€ Uihtce»tt emt UT? and mc ^alr fauad ■ pWe tfae mftiiU hi 

au^ Otbpt sJebendoU warki oI the lauit^vb edltiiij and 
l^lcf* I «ret liraia Prof Urnty ^uj^tir Sarkar Jo bla ** Hmdn Socfdktgj ' ’ his 
laboured bi vjLjn «j:plain iw^y the OT^mn^nta lufdnoHl mhovm, wtikJl jrrtntlT 

*bijw ttLAt the mrfc owhl Oat hiTt rxutie^ ffl Ita pn^fcHt form lufote the 
temth ceotioy. Fnrf. Satkor hajt ConTenleollj loripoUcri ts eipW*j the 

faoquoat itt of kuqj mnd eanooii tn hil e^j^rocm to fftabluh the wsttaTritT of 

Ihc *' Sukro cTdeof philOHapberi.'^ 

1 TaTomier, Tmtli ia /arfta, Ft. H, Bk. Ill, p j 8? (quoted hr Mi 

■ Ooit. Hu&rry p. rjj. 
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Bengal Xbere are many big itou gnas of th^ Moghul 

tim^ iu many parts of Bengal, notably in Murslud^b^d^ 

Bishuupur, Bha^ulptur and other places^ Ramel in hia cflltbiated 
■* Memoir of a tnap of Hindoostau” has described a gigantic 
wtoaght-irun gun be found at Dacca iu the eighteenth century ^ 
He writes; * ■ There are the remains of a very strong fortress in it ; 
and withiu these few years there was near it a cannon of e^gtrn- 
ordiuary weight and dimensions i but it has since fallen into the 
river, together wi tb the bank on which i t rested. ** ^ Rennel took the 
TnCASttreineiits of the gun very carefnJly^ which are given below 


Whole length . - ., 22 feet roj^ indies. 


E^meter at the breech . < 

3 ■> 

3 

,, 4 feet from the muzzle 

3 r. 

10 „ 

,j of the muzzle 

Z *• 


of the bore 

I .. 

31 .. 


He says, ** it was made of hammered iron | it being an im¬ 
mense tube formed of 14 bats, with rings of z or 3 inches wide 
driven over thenip and hammered down into a smooth surface, so 
that its appearance was ecjual to that of the best executed piece of 
brass ordnance, although its proportions were faulty. The guu 
contained 234,413 cubic inches of wrought iron and conse¬ 
quently weighcfl 64,814 pounds avoirdupois, or about the weight 
of eleven 32-pounders. Weight of an iron shot from the gun, 465 
pounds." Local tradition names the gnu as Kd/^y Khan, a gun 
of that name being mentioned by the Venetian traveller Manucci 
iu the list of big cunnou possessed by the great Moghnl in the 
seventeeth century.* 

A smaller Eton gnu stiU exists at Dacca which wascorsfmeted 
at the Same time as the bigger one. Mr- H. E- Stapleton took its 
measuiements, the gun being II feet long and the diameter of its 
mouth l foot yj inches^ 

The great iron gun at Murshldlibid, called Jhhankf^bh (con^ 
qucfor oi the world)* 17 feet 6 inches in length and with a dicum- 
ference oE 5 feet 3 inches, is of great historical Importance owuig 

I 0/ * tbinl 1^3, p 

^ M»jrttcLj^ UiaiutT ^ MogtiT^i Vflt 

P 3^- 
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to the exLstencie of rime ipscribed platen on it. From the 

iascription it la aacertAined that this gpp was constructed in ID47 
Hijim, Jamadinasani (Cktober^ 1637), duriag the leign of Emperor 
Shajahaa (the then SubSLdar of Bengal being Ul^ KhiinJ at 
JaMngimagar (Dacca) by chiel mechanic Janardan under the 
supervision of Darogfi Sher Mabammad and Inspector Hara- 
buflava Das.^ 

Another Inscribed big gun waa presented in i8gl by Captain 
Petley^ being dug np at False Points to the Asiatic Society of 
Bengal, m whose rooms it has been preserved. Mr. C. Wilson 
fmm the inscription reads the date ^ [ i] 584 Saka era or ih 22 
A.D^^ and says: '* The gun was captnred from Aurungzebe's General, 
Mir Jumla in i6§2, hy Svargadev Jayadhvaja Sinha^ the then 
reigning Ahom Prince of Assam. From Assam it was carried away 
to Burma- It was taken by the English in the first Burmese War 
and on the completion of the light-house at False Point in 1838, it 
seems to have been retooved £rom the old fort at Cuttack and 
buried in the ground near the light-house to hold a flag staff/"* 
This gun was also manufactured in the same way as the Dacca 
guns from wrought iron, Mahamahapadha>m H. V Shastrij whu 
examined the gim^ writes 1 **The gun is made in the old-fashioned 
method of welding together a number of large iron rings^ three 
inches thick, with an opening in the middle with a diameter o[ 
three mehes/* * 

Bsides the above there are several old iron guns at Biahnu- 
pnr in Bengal and several inscribed Assam guns of the sixteenth 
and sei^entccnth centuries have been d&icribed by Mr, BakhaJdas 
Banerji.* On one of these Assam guns there is a Persian irscrip- 
tioo ^^tfliy&r shod*" meaning ^^was manolactured^" in conlmst 
with ** rekhta shod ” or was ca^rtp'' the latter inseription oceut- 
ring, according to Prob Jadu Nath Strear, on many other guoSj 


* Kdijpr-mmiiL n^acrfL, fir/ isTmtaJ (in p. SJt. 

■ C- H- ■* CdtAlofpw of Antli|altici m the AsLatk Sad^t?' pf BerLjtnl,*' 

p, m Ciit ti^cpeirt emi SliLOricMl hcfiwdi hi Af»m, p, agj mmkei the tLoU: 
AJ 5 , viblte n. Pr Sbjutxl nuJs* Jt A.O. 153$^ bafled <rideiitLy on o WTCiau 

rendhiK af the liUJcxjplicm. 

' PlDC«edtii^ A*ti£k ScKsetraf Bengfil, lS9ri, 

* Alialic Slkdely ol . 1909 mnd 1911. 



Pin^^TE vn 



\rt>r\ dun At MuKAhldqbRd- 
I FliiUnfcrr.ph hy J Liknstoti And HnlfcudJiui, Culrutld | 













2 












9 [nJKTK VIU. 



The Landa Kaaab Gun at Biiapur. 
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presumiibly made of briiss, * This inscriptiDU munistokablv shows 
that the Assam gmis were realiy made from wrotight iroa. 

From the description of the in Bengal given a^ve two 
facts come out wzy dearly'— 

(d) That in the sixteenth and seventeenth eenturies guns were 
manufactured in India by wdding pieces or rings of wTou|;ht iron. 
The manufacturti of a big iron gun^^t feet long, by hammeritig and 
welding wrought iron^ as described by Rennd, in such a mannci 
that its appearance was equal to that of the best executed piece 
of brass ordnanoe*^ uamlstakably shows tbat IndiaTis I oat none of 
their old marvEdlotis metallurgical skill which could produce at one 
time a Delhi or a Dhar pillar. This fact also shows that the pro¬ 
duction of wrought iron m Itidifl during the sixteenth and seven¬ 
teenth centuries still continiiEd to be on a coosidernhle scale, 

(6) From the laseriptiOD on the Murshidabad gun which was 
manufactured at Dacca we kara that the gim was constructed by 
a Hindu lioad-mechanlc. That opens tip an important subject. 
It seems tlmt the DoccUp Murshidihad and Bishnupur gims were 
all maniifactured by Hindu mechanics and metallurgists under the 
orders of the Mahotuedan tulers. Mr. Lbtct ■ id the Presidential 
address to the Stnfiordshire Iron and Steel Institute says; It w^as 
believed that the Mahomedana never made iron atthough acquain¬ 
ted with the higher arts In its use/* It appears thnt the Hindus 
wnre skilled workers in iitm in all ages and their remarkable skill 
WHS utilized by the Mahomedan rulers in the mapufactiire of 
wTOUght-irou guns which must be really regarded as specimeos ol 
Hindu an. 

Bijapur gnus .* We have no space here to tondi upon the stuiiller 
guns and would conclude with the descrip Lion of several gigantic 
guns of the sixteenth and seventeenth centuries in other parts of 
India. There Ls a big 24 feet wrought iroo gnn at Ntirvar, On the 
south wall of the city of Bijapiir there is still to be seen the celebra¬ 
ted Landa Kesab gun. It is also made of diculnr iron rings shrunk 

I r Mif| Hired feom Pmf. J BdnJiflth ll tus bij met «iriih thn FeniBa laJCTip- 

turn wiiA CbJI " on Aay Irim RUh nt tilc liidcj. £d tapif Ttvl SixeeJ' 

iflfjirm* me OiiLt the iftm ke hiif hcei m NanJbeni S0tttb:era Indll 

w<sfe made of wronflit ixosi. 

4 Itod fuid Coal TtmilfiB RtvioV h Vat IjXX^Tlp p. 
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on longitudinal Lron bars and tben welded together. Anrtitig^ebe 
is credited to have rernaved the □dginrd points on which it turned 
in order to make it practically unless. It i$ feet 7 inches long, 
diameter at the breech is 4 feet i| inches^ calibre i foot 7 inches, 
length o[ bpre 18 feet 7 Incbs and the eslimated weight 47 tons. 

The longguiip named the “ larflier/^ which is said to have been 
raised on the huge tower known as the Haider Bujj at Bijapur by 
means of an inclined plane over a mile long^ should be of interest in 
this connection. This gim^ too^ was constructed of iron bars of 
square section and laid longitudinally along the bore, over which 
lings were slipped^ one at a time, while the last was red-hot. As 
they cooled they shrank and bound the iron bars together. The 
gun near the breech was strengthened hy the addition of a second 
layer. It is 50 feet 8 inche.'i long and has a bon? i foot in 
diameter. 

The long gnu at Gulburga seems to have been made in a simi¬ 
lar way* but it is worthy of notice that there is double row of iron 
rings, ten on each side* It was doubtless by means of these the 
gun was conveyed from point to point, for there is no evidence of 
any pivot or other arrangement by which it could be movedJ 

We have given here photographs of three gnns^ viz. the 
MurshidabM gnu, the Landa Kesab gtin and the Gulbarga gun. 
It Is unnecessary for our purpose to multiply the number of such 
photograph-^* 

It Is not necessary here to refer to iron * bundooks' or 
matchlocks except in a general manner. The Ayem Akbari^ 
which says that excepting Room (ancient Turkey) no kingdom 
could compare with the Indian Empire under the Moghuls in the 
number and variety of its ordmince, describes the details of manu¬ 
facturing matchlocks from wrought imn which would be of some 
interest, '* Btindooks are tiow made in such a manner that when 
filled with powder up to mmzlc, there is no fear of their burstfng. 
Formerly they never were of more than four folds of Iron, and 
sometimes only of otic* joined togetber by the two extremities of 
the breadth* and which were very dEingerousp His Majeatir 


* dcicrlptkiti of the Biji-piiT giuu Jlm tftken ham in iUiisjTGIE^Hl 

mrticle in Uie Unipreji*/+ Mmj, a. t5Ha|, pp. IJ and 13. 
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The Iron Gun at Gulbuffia* 
{Tt» Kmprtw, May, i9^S* P“^ 
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Akbar}^ after haviog iraa Oatt^edp has it rolled up 
like a scroll of paper, but ^lantdogty, aod every fold is passed 
through the fire. There is also the fotlowiDg method : solid pieces 
of [fOtt are properly tempered aud theri bored with aa iron boner \ 
and three or four of these are joined tt^ether to form a buodoDk. 
In preparing the iron for bnadooks half is Ir^t in the finev^" ^ 

lanumerable matchlocks of the Moghul times can be seen in 
the treasuTe-houses of most of fO^ative princes and iafinential 
Zemindars of India. 

From the ancient specimeits of Indian iron described above 
the reader will easily sec that the metallurgical skill of the andent 
Hindus is writ large on the wauderful series of iron arddes of nl] 
ages from prehistoric times down to the sev^teentb century. 
The story of iron manufacture iu ancient India is really wonderful 
and perhaps unique in the annals of metallurgy' in the whole 
worlds 


Wc give below a s timm ary of the specimens of onctetit Indiojt 
iron described above 


Iron swords^ daggers^ etc.^ at 
Tinnevelly Prehistoric. 

Iron slag at Eodh-Qaya ., Third century P,c. 

Iron spear-head and nailB at 

Piprhawn *. .. First or second century A-i>. 

Iron clamps at EodJi-Gaya Fourth century a.d. to sixth 

century a-d. 


Iron beams at Bhubaneswar^ 


Puri and Konaruk 

Iron pillar at Delhi 
Iron pttlai at Dliar 
Iron pUJar on Mount Abu 
Iron gnus and cannon 


Sixth ccfitiiry a.d, to thir¬ 
teenth century AJ>* 

, , Fifth century a.d. 

Twelfth century A.D. 

* * Fifteenth century a.D. 

.. SixteenUi and seventecutli 
centuries a.D. 


Cast iron at Rungpnr (to be 

described later oo) ,, Eighth to tenth century A.n. 


Wc bring to a close oor lustory of ancient Indian iron sped' 


I A^kU Akhwi, ^^ladwta^lTTfllulmifiq. Vot I, p. i ir« 
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mcm with the =ieveiiteenth century, us from the dghteetith centiiiy 
European aaticmn began to assert more and more pdlitical supre¬ 
macy OTcr India, and European enterprise and commerce be^n 
gradually to supplant the indigenous industries. The sdentiBc 
spirit of enquiry in India was grndunlly on the wane from the 
twelfth or thirteenth century* if not earlier^ and by the seven¬ 
teenth century was almost completely decadent* though old pro¬ 
cesses coatinuad in the absence of foreign competition. On the 
other hand, after the gloom aud torpor of the Middle Ages, Europe 
began to ptdsate by the seventeenth century witli a new spirit of 
scientific enquiry which increased in volume and intensity every 
year. This spirit began to penuEate and infiuence manufacture 
and commETce in an ever-iacreasitig meostire, and within a ceutnry 
or two European manufactnre almost completely supplanted Indian 
industries of almost every description. So For aa the iron mdnstiy 
is ooncemed* the old processes continued^ though oa un infinitely 
smaller scale, and in fact still continue lu many places even uow^ 
l>emg relegated to the lowest aud illiterate classes, until, as at 
ptesenL^ iron of European tnanufacture completely dominatea the 
Indian market. 




•# 





CHAPTER IV. 

Mattshs of Chkmical Interest relating to Ikdian Iron. 

ANALYSIS OF INDIAN IRON. 

AU the specimens of iron described before have not been 
analysed. The Archaeological Department would do welt to have 
them analysed and thus hdp chemwt* to properly nuderstand the 
subject of mctaliurgy of iron in andeut India. 

A complete analysis of the iron of the Delhi ptUsr by Sir 
Robert Haddeld baa been given on page 19, and the analysis of a 
spedmen of Koparalg iron by the author ou page 26. 

Sir Robert Hadficld has published analyses of a number of 
specimens of Ctylonese iron of the fifth century A.O. in the Pr^ 
cecdingsof the Royal Sodety and Joniunl of the Iran and Steel Insti- 
tote,* As Ceylon miglit be regarded to be a part of Greater India 
iu andent times, attal>*aes of Ce>’Ioii iron of the fifth century would 
be of interest in connection with Indian iron.* We give bdow the 
analyses of an iron nail, a chisel and a bill-hook. 


Iron nail 


Specific gravity 7-69. 


Ps ccat. 

Carbon 


.. Traces. 

Silicon 0 - 

p 

.. It 

Sulphur 

m IP 

.. Nil. 

Fhospliams «. 


.. -ja 

Mongawesc 

« Wr 

., Nil. 


I RsdA^lJ, Jim*nat*t r*» ■** /aiWair, ijia, pp. I6j—iW, 

t la thiE fifth twstafT a.c. VIj*]r>. the «□ (if filsbali.iha, % Rlof of Magidlu, 
<• anid t» liavt! iMwa eidtoi hj his f«ier f« miKiy «ttB of fnad aafi violeac*, wul 
thi» Ptipet MW by wtm la Certon, nwqaerol the ielaaA and toaDded ■ Uynwtr 
VlacA CeyJira w«* coowted toto HodiJbUiP la the thidl MDtary KC. b» the oii** 
(jottsria *tttt by XlHg A»Im haderjlilp of Ut moiib brother ilebeodrt 

irbp tpent the uoit ol hi* U(« there. 
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Iron chisel ;— 


Specific gravity 7 69. 
Carbon 
Silicon 

Snlphnr , , 

Phos phonic , * 
Manganese 
Iron 



Traces. 


"r2 

"003 


Iron bilWiook i -— 


Specific gravity 7'5. 
Carbon 
Silicon 

Suphiir . * 

Phoapboruii 

Manganese 


. Traces 
* *a6 


. *34 

^ Traces. 


It will be noted that the composition of Ceylonese iron ip 
exactly analogous to that of the iron of the Delhi pillar and Oris- 
san beami^. It is very likely that Indian iron was e^rported to 
Ceylon iu ancient times. 

An analysis of a specimen of cast iron discovered in the rums 
of Bhaba Chandra P^t near Rungpur has been given in the para^ 
graph dealing with cost iron {p. 7B). 


TENSILE STEENGTEI OF 1ND1A.N lEON 


Mr. Monomobon Gangnli of the Public Works Department, 
whose recent work on Orissa aud her Remains '' is an excellent 
piibiicatioTi on the subject, scut a very small piece of wrought iron 
from an hou beam at Bbub ones war to the Civil Engineering College, 
Sibpur, where Prof. Sarat Kumar Diatt tested its tensUc strength in 
the Testing laboratory of the College. Prof. Dutt got a smali piece 
made of it oi cross-section '37'X‘4x5* and after testing it observed 
** this broke at 1*6 tons. The breaking strength accordingly cpme.^ 
to about [4'3 tons per square inch . , . . unfortunatdy the sample 
was not without flaws and the test piece broke at one of the^e 
flaws , .. * If it had been possible to obtaiu a decent sample of 
the iron^ I bdieve^ a stxengtb of 20 tons per square mch could be 
easily attained,*^ the accepted tensUe stress of pure wrought iron 
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having an avwage of 25 tons per sqimfe itiph. assuiancf: of 

Prof. Dutt that a decent aainple of this iron could easily show a 
strengtli of 30 tons per square inch relects great credit on the 
Oxissan matalluisists of a bye-gone age, for the average tcnalc 
strength oE wrought iron was 35 tons per square inch in England 

only 36 years ago," ' 

Prof. Dutt's eitperitneots are, however, not very conclusive. 
FortunatEly we have before ourselves the eiperhnents of Sir Roliert 
Hadficid on the tensile strength of Ceylonese iron, which are quite 
enndnsive. Sir Robert found that the breaking load in the case 
til the iron nail was 2i tons per square inch, the chisel 26 tons, and 
bill-hook as high as sg tons per square iuch. being higher than the 
tigtire for wrought Iron. This no doubt is owing to the consider¬ 
able percentage of phospboms present, which rtillens or hardens 

iron, 

ffadiield has also determined the Pretnont shock test, the 
Brincll ball test for hardness, as weU as sdexoscope hardness of the 
specimens of Ceylonese iron. His conclusions nre suromarijed thus: 
" The Fremont shock tests show fair results on the spcclmcu taken 
from the chisel, namely 17 tilograramei, with S5" bend, the 
other specimens, however, show much lower figures, namely the 
nail (I kilogramniB by only i" bend) and the bill-hook (7 kilo- 
grammes by 35" bend). The hardness by the Briuell method varied 
from 117 to 166, one resnlt from the nail showing 209 ; but this is 
cibnormal, and cannot be accepted as representative. The sdiiTP- 
scope tests varied from 35 to 44 * and os a campariaon it may be 
mertbOiL'd that water- quenched carbon steel by this latter mctliod 
rdiows 100 and ordinary wrought iron about 20.'* 

WICROGBAPHIC EXAMINATION OF ANCIENT CEYLON IRON. 

The author is not aware of my micrograpluc eaaminatioti of the 
iron of the Delhi pillar or any other specimen of ancient Indian iron. 
The results of micrographic examination of the three spedmeos 
of Ceyton iron by Sir Robert Hadfield will prove interesting. For 
photographs of micro-sections the reader b referred to Hadfield's 
paper. We give below nnly the resiiite obtained by him with ns- 

I GanguH’s " OtImil mi Iwf newslll* P- ifij. 
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pectto the iron chisd, nciil and bitl-hook, anal^'ses ot which have 
already been given. 

IfOK €hiid: The tnmiverse section shows that the chisel has 
been carburised, the aectioii showing the carburised areas to he on 
two sides. The carburisation varies op two faces from saturatioR 
point {'9 per cent) to about '2 per cent certain on the outride 
edge and the depth of carburisation frooi the edge inwards is also 
shown to be variable. The presence ol matensite and bardenite 
suggest the important infortuation that the chisel has been 
quenched. Parther nricro-sectious were prepared ftom the sped- 
men cut from the nose of the chisel. Th^e photo*mtcTograpbs also 
appear to carry evidence that the chisel has been quenched for the 
structure is in parts martensittc. Troostite is certainly also pre* 
sentj whkh is probably the result of tempering by the long lapse 
of time. Hadfield believes that for the first time there has been put 
on record evidence of the art of cementation having been known 
1300 to 3000 years ago, as shown by these spechueos ; probably, 
therefore, such knowledge could be traced bade still further. 

Irm nail t The mierwtrue hires indicate a remarkable conglo- 
tneratioq. One plate shows a weld ruuniug diagonally actom the 
section, and along the edges of the weld there are carburised areas. 
Another notable point {3 that on one side of the weld the slag 
shows the effect of the lorging, whereas on the other side there is 
no such sign. The specimen is covered with slip and fans 

evidently undergone severe hammering, probably in its use as a noil. 
The carbon in the carburised areas exists as granular pearlite. 

Iron biU-kook; The report of the microstructure of the speci¬ 
men shoivs that it contains a large amount of slag and appears to 
repTfsent wimt would be now termed a somewhat low quality of 
wrought iron. There seems to be practically do carbon present 
and therefore no evidence of treatment other than forging can be 
obtained. 

VARtETlES OF INDIAN IRON. 

At present three prindpal varieties of Lroo are recognized 
according to the amuuot of carbon contained io them, vk, wrought 
iron, steel and cast Iron. Each of these principal varieties is again 
snb-divided into other varieties according to the difference in their 
composition aod properties, lo ancient India also various kinds 
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qI uon were kitcwd and reasgnked bjr tbek diffieredt properties. 
Tbe principal varieties were " munda" foist iTon)j * tikslimi’ (^haT]> 
iron or steel) and ' kanta * (wrought irem). 

The Sanskrit w^ork YukiikalpaiaFU^ a manuscript of the 
eleventh century, which has not yet bem published, describes 
the rtilative goodness of various qualities of iron thus; CrfliiH^Aa 
iron is twice better than fordmary) irorip haling^ (Oris- 

san) iron eight times better than iron, bhadm iron one 

hundred times better than iraOi Ad/ra iron thousand times 

better than bhadra^ p&ndt iron agalii hundred times better than 
bafrUf nirangit ten times better than pdndi and iron mil¬ 

lion times better than niranga iron/' ^ 

RmitraJn^-Sdmu^chfiy^^ a work of the thirteenth century* 
mentions three kinds of iron, viz. munda {cast iron)* Hk&hna (steel) 
and kania (wrought iron). 

jlftiitddi again is of three varietieSj vi». " wiridw/ kuniha and 
kaddra. 

That which easily melts* does not break and is glossy b nin*fM; 
that which e^paads with difficulty when struck with a hammer b 
known as kunfha ; that which breaks when struck with a hammer 
and has a black fracture is kaddra, 

TlkihHa / There arc six varieties of it* viz- Ariii- 

fdribai^t bd{iri!, and kalulauha fWack metal). One variety 
is rough and free from hair-like Imes and has a quicksUver-bke 
fracture and breaks when bent. Another variety breaks with diffi¬ 
culty and presents a sharp edge. 

Kania r Thecc are five kinds of it^ vix. bhrimakSf chumbaka^ 
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k^shakit^ drat^aka iind romctkMnia^ It posse^ca one, two, three, 
four and five faces and often many faces and is of 3^ow, black 
and red cotonr respectively. The variety whiizh makes all kinds of 
iron move about is called thram^ka^ that which kisses iron is called 
that which attracts iron is called karshokm^ that which 
at once melts the iron is called drdmka (lit, a solvent) and the fifth 
kind is that which, when broken^ shoots forth hair-like filaments*^ 
From the description of the different varieties of iron it b 
quite evident that mi^nda really means * cast-iron * ns its different 
varieties easily melt, break when strnck with a hammer and have 
black fracture. The sLi varieties of tik^hna are evidently varieties 
of steel presenting a ^sharp edge," •breaking when bent" or 
^ brcakmg with difficulty/ The five varieties of are not easy to 
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As Mftla imn has been described the best of afl vaiieties 
of iron in many books* it certainly refers to wrought iron, but iu 
the passage quoted the vancti® of iron include lELagnetbed 

iron also as they * kiss * or * attract ’ iron* 

In Ri^smdrnfhar mmgr^a we have got a passage in which the 
same three kinds of iron are [nentioned, vit. mwvd^^ tikshm and 
kiinta. In this passage alao it b stated that munJit ia ten times 
tM^tter than iron ruft^ Hkshna hundred times better than munda^ and 
mil lion times better than iikihm from"^ ^ 

THEORY OF FDROIHG IRON SEAmS AND PILLARS, 

It has already Iieen stated that I>r. Fercy^ Dr, Mtirray and 
Sir Robert Hadfield found the Delhi pillar to be made of 
wrought ifoUp The irnd, beams of Orissa have also been found to 
be made of the same spccie^^ of iron- These beams and pillars must 
then have been, constructed by forging large qnantlti® of wrought 
iron. The qu^tion now is—have these beatni and pillars been 
forged as single ootumns of that short pieces of wrought iron haw 
been forged and then welded f Experts are unanimously of opintna 
that such an enormoiis of iron as the Delhi pillar cau even 
iu thEise days of steam-rollers and hammers be with very grea 
difficulty fojged The coucltisiou therefore naturally mis® that 
thtec bcflois nnd pillais must: have been coiistnicted by weldiog 
abort pieces of wrought iron and not as entire colmnus. Direct 
evidence On this point is forthcotniug^ though it still reflects the 
greatest, credit on the old Hindu metaHiUgist^ who could have 
successfully carded on the welding operations m very skilfully os 
to be scarcely perceptible. 

Writing about the beams in Kunarnkp H, G, Graves points out; * 
** One beam, which is now IWog oo the portico, has evidently 
been partially exposed for a long period to the sandy winds, for 
it is worn down at least an Inch in depthi euabliog the defec¬ 
tive structure to be seen. This particular beam and the frac¬ 
tured ends show verj" clcirly that the method of manufacture 

^ “ fkf qw wwiFv^q I 
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was wddmg up small blDoms^ generally abatit 3 or 4 lbs* in 
weight. The blooms arc cominaiily 2 by r mdi in section, bnt 
occasmoally 2 by 2 Utehes or I by i Lnchi and a tommon length 
is about 6 inches. In a few cases the blooms may baire been 
larger or the welding was done more effectively^ The rough 
sketches appended to this paper show with fair accuracy the rela^ 
live sizes and disposition of the blooms in several Iwams. Many 
of the broken ends show the existence of irregular and samclimes 
imiromi cavities. It is possible to thrust a stick down some of 
them to a depth pf j or 8 feet, and the sand-blasted spedmeu 
!ihows a cavity nearly the whcle length of the beam. Frnni these 
boUows, bits of cinder can be raked out*** The blooms were 
probably welded together into short bars which were then in turn 
welded into big beams. Mr, Graves say that externally the beams 
are well Bmslied though the cracks and lines show where ioints 
were (see plate Ko. 4). 

As regards tl:ie Ddbi pilUr, the forging in this case is much 
more perfect than that of the Orissan beams and hence difficult to 
cietect. The Committee of the Iron and Steel Institute in 1872, 
however^ made some special enquiries with regard to thb pillar*^ 
Lieutenant Spratt of the Royal Engineers, then stationed at Delhi, 
came to the coudusiou after enquiry that tlie iron of which the 
pLUar is made seems to have been originally in blooms of abniit 80 
lbs. weight each.*" Even as early as 185S Mr. Cburtes Wood of 
Middlesburgh, who was in India at the time of the .Mutiny, stated 
tiial he believed that the pillar was of ivronghi. iron and that it 
had been made by welding small pieces into the end of a shaft or 
bar. in 1871 Mr. Robert Mallet had stated: We are thus obliged to 
consider that this pillar is not a casting but a huge forging in *, - - 
wrought iron/* while shortly afterwards Mr. G* M. Fraser contri¬ 
buted a long letter to the Engitt^£f^ VoL xxxiii^ pp- rg, 20, in 
whidi the fact is dearly expreseed that the pillar was made of 
malleable iron and produced by welding together sncccssive lumps 
or of wrought iron which had been produced in a primi¬ 

tive blast-furnace. FergussoUj Viueent Smith, GanguU aud others 
agree io subscribing to this theory^ This theory receives an added 
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confixmatioti from the cjEbtencE of mmiy holes at irreguUi inter¬ 
vals in the Dhai pillar into which crowbars have evidently been 
put tn order to help Though at Erst si^ht the ahnost 

perfect fipish of the exterior, specially of the TMhi pillar, negatives 
the hypothesis of forging sinail piera into one wfidCp hut when 
we judge of the almost unsnrmountable practical diffictilties of 
forgitig an cnim piece of mDUght iron as the Delhi or Dhar piUar 
appears to be, the author, at any rate, eaitfiQt but sntecrilw to 
the view that the method of forging the Delhi, Dhar, and Moujit 
Abu pillani, m well as the gigantic Orissan beams, is unmistaltably 
the same, vix* the method of welding short pieces-into entire pillari 
and beams. 

EXPLANATION OF ^“CORROSION RESISTANCE” TOWER OF 
INDIAN mON. 

{a) Low man^an&%6 with low ^dphur dnd high pho&ph&rus. 

Surprise has not nnrcosonahly been expressed at the fact that 
the iron pHlar at Ddhi and other ancieot specimens of iron have not 
rusted in a marked degree. General Cnnoinghain offered a curious 
explanation of this fact by supposing that the oil of the bodies of 
the pEgrims who visit the DelJii pLUnr and embrace it as a mark 
of merit keeps it imranne from rnsdhg, but the learned Oeneral 
does not seem to have cKpImned how the capital of the pillar, 
which is too high for human embrace, could be preserved in the 
way it has been preserved. The Delhi pillar the best preserved 
of all the pillaT??. Mr. Graves points out that aomc of the Konarak 
l>eams were so heavdy msted that ffakis half a foot square and half 
an inch thick could be scaled ofi. Most of thera, however, were 
only superfidany msted and the njstmg is muioJy due to the 
beams remaining underground for two or more centuries, Thr 
iron damps found at Bodh-Gaya are also vm* heavily rusted. 
The specimens of Sin^lcse iron examined by Sir Robert Hadheld 
were wdl pr«rved, though bclongti^ to the dfth century a,d. 
Dr, A. S. Cushman* h dUpoged to be phiiosophically mcliued 
when he and tmys perhaps rightly, that idieuucal and 

physical examinations of such ancient specimctis might point tbe 
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way to ptactkal improvcmoit in opr own age, for one 

thi was oiten passed on modern steds was that their tetid^ey to 

corrode and dUintograde stood in direct mPo to 

which they were raniiufactared It se^ *♦'««!>< 

Katwe that her materials shonld respond to the mamp a ‘® 

the hands of man. and acquire properti^ that machin^ cai^ 

Eive " Be that as it may, two exphmaPons are possible of this 

Smarkuble power ol aadent specimens of iron of leas^g cotr<> 

-don--either^ere was something io the composition of the iron or 

rt?t the beams were painted, or both. To the author it uppers 

thatbotinhe fartors have operated in enabUng In 

tnllors and Yearns to withstand the corroding mflaence of r«nd 

Ld rain. In the first place the one point 

the composition of the Delhi iron, Singhalese iron and 

mens Of^deut iron is that nU these spemme^ of iron a^^ 

/row nmitganeiir and fvSphuf and contain a tokraHy Aig* 

The author agrees with 

that probably 'Mow manganese with low ^phtt _ 
h^ phosphnnis would lead to high corrosion resistance 

Dr, Cushman gives aa analysis of an iron nail made lo 
Vireinia mote than one hundred years ago. It was rcinfli Y 
wdl preserved and contained, like old Indian iron, - Sow i^ganese 
with low sulphur and high phosphorus.- The analysis was as 

foUows;— 




Stilphur 

* 

-- '013 . 

Manganese 

< 4 

P ir 

Carbon 


*03 

Phospliom*! * * 

■r ■ 

’505 

Silicon 


.. "131 

Copper - - 


.. *037 

Oat>i? cn 
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FrofBsor Henri Lc Chntelier was also struck by the almost com* 
plete absence, both of manganese and of carbon, which always 
occurred in noteworthy propottinns in steels made by melting pro* 
cesses and also by the relativeJy high percentage of phosphorus. 
He also sujggcsted that it was perhnps to the concurrence of these 
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•lire* fflctQis tliat ihe exceptional durability of ancient Hindoo 
irons was to be attributed-’ 

The author, however, is not aware of any experioieats under' 
taken to confitm this theOTv aod would take this opportuai^ of 
inviting chemists in te rested in the <juestton of corrosion of iron to 
tunke further expeiimeuta on the subject 

( 6 ) Ap'pltfslion of paiftis on iron inatus and pitfarit 

Besides the Question of the composition of Indian iron the 
author has a suspidon in his mind that tlie pillnrs and beams were 
originally pain/ed. Direct evidence on Hi is ijoint is also forthcom¬ 
ing. as Abul Fojtal in the r6th century saw the beams at Puri 
painted/ The peculiar colour of the iron, specially at the top 
portion of the Delhi pillar, which misled early observers into tlunfc- 
iog that the pUlai was made of copper or bronie, might have been 
due to some kind of paint nsed for painting the pillar. The author 
has found out two fqmmhe of such paiuts used for hardening as well 
as preserving iron instronients in'SdrangmfAitr PadAa/t, a compenf 
ilium on nuscellaneous subjects of the t4th century by the alchemist 
Sarangdhar. The first formula is briefly the following t *' Grind to¬ 
gether pippali (piper longamj, rock salt and AasAlto wood (costas 
speciosus or sanssuraa l^apps) in cow’s urine and cover the iron 
instTument with the mixture thus obtained. On now heating the 
instrument in the fire and then Qaenchtug in oil the mstniment will 
be of superior QUidity.’* • The second formuln runs thus: ' ’ Grind 
ti^ether the five kinds of salt. Enustnrd and honey and after 
pomting the instrument with the mixture heat in the fire until at 
“ yellow heatits colqur becomes blue like that of the throat of a 
peacock. The instrument would, on Quenching iu cold water, be 
fjmte good/' * Such an iuHtrumeut will become estrcmelv hard, so 
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much ao that " it will penetrate through the hardest amiutir as if 
through leaves 4 >l tws." ‘ These two formula bnng out two 
f^cts of Liiir>ortiince. In the first place it is ku^-n as an un^ 
doubted fart that in the 14th century at any rate the Hiu^s were 
Quite lamiiLar vnth the ptocess of hatdeniiig iron by c^uen ^ ot 
imn either in t>U or water, and in the second plate iron, at leart iron 
mrtnimcuts. were painted with a mixtnre coutamrng salt and 
other ingredients and then heated in the fomace. The exart 
ehemical action that takes pbee is difficult to understand. At 
first chlorides of iron are produced which perhaps on heatlog 
decompose, leaving a coating of the oxides of iron. It a p|^bW 
that the Delhi and other pillars and beams were painted with 
a .imUnr mixture and then heated in the fire, the process being 
continued, possibly with alterations, Irom early times down to the 
fourteenth century. 

Dr. Emnarswami gives a somewhat different formula used for a 
long time in Ceylon and ev^ now to give a ‘ blued’ colour tii uou 
articles and also to prevent rusting. Theloromla runs thus: " Take 
two parts of alum, one part of copperas, two parte of the leaves of 
oxalis wrnkulata and grind together and allow to stand three days 1 
add the jnice of one lime and spread over the iron to be colomed , 
place carefully in the fire nntil the right cnluiu is attained.” » Dt. 
Kumarswami explains the chcroicnl action by supposing that 
apparently the oxalic or rther organic odd in the preparation 
reduces any higher odde of iron to the ferrous state, and when 
applied to the steel and heated, alight etching takes place and a 
probable reduction of part of the sulpliate to sulplnde of iron. 
Tlie tmnpcraturc employed would affect the amnunt of reduction 
and oxidation. The bine colour is probably due to the unoTen 
distribution of (wddc and sulphide of iron.” 

Moreover in the .4ywa Akbttn we find that during the Moghul 
times iron guns when completed were painted with ctriour paints, 
and called * tangin ' fcctlniiredl.’ 

fvfw^innafv vn^ir nalavii 1 
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COMPOUProS OF IRON 
(j) 0%id€S fl/ iron- 

Of the CQni pounds of iion the o^ddes of iron ojxd the ^^idphide 
were artifidjilly prepared and used in the Hindu systemof medicine. 
The chloride of iron was also probably known but seldom used. 
The Baddbist alcheuiist Nagarjnna (second century aJ).} is uni¬ 
versally credited us the discoverer of the process of killrns 
metals and specially iron. Kor example Chohrapani (eleventh cen* 
tury) in describing the process of killing iron says: I shall now 
describe the science of iron as promulgated by the sage NSE&TiunS- 
The author of Rasendra-ChintSuiani also does the same.'' 

The first notice of ^ killing ' iron and other metals (gold, silver, 
lead, copper and tiul occurs in the Uitartanirs or supplement of 
the Stf jArjdu, which is said by the commentator Dalhana to have 
been added by NagSrjuna, who is also the redactor of Snshnita, 
In it we find the process called ayaskrUi'-hidhi of iron and other 
metals in which " ttiiti leaves of iron art to he smeared with the 
levigated powder of * the salts ' and healed in the fire of the cow- 
dong cokes and then plunged into a decoction of the myrohalans 
and assafffitida. This process is to be repeated siarteen times. The 
leaves are then to be ignited in the fire of tjre wood of mirnomt 
cskclm (khadim) and afterwards finely powdered and passed 
throng Unco of fine texture. Tlie above process is etjunlly nppli. 
cable to the roastaug of the other metals.*' * 

Chakrapani (elevcntli century > gives an elaborate account of 
Naghiinna'a process which may be snminBrised thos: " a bar of 
iron la to be rubbed with the levigated powder of the foUn wing 
vegiPtable products among others: the belleric myrobalans, ciiforia 
trrnatea, ititis qujidrangularis, btiharhaavia diffusa und vefitsitm 
taiefid. Tt Kthen strongly heated to the ftisine point and plunged 
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into tbe decoetkiii of tJbe m^-rDbalaiiSp Ther iron is then powdcreil 
by being beaten, with im iron liammer. The powder b then 
digested in the decoction of the mytobaljms nnd roasted repeatedly 
in a crucible/^ Rasenira-cMpdamam (thirteenth centuiy) gives 
the sajne accotmt of redpic. Ra^dra-^Mr-stiingrahi 

(fomteentb century) giviss an elaborate account of the process of 
killing iron which is given below. (wrought) iron, teing the 

best of aU kinds oi iioiip has been recommended by all authorities us 
best suited for the ptyrpose of killing/' Rasendr^har-s^amgraba 
writes;— 

When the proper kind of iron is selected^ it is first finely pow- 
tiered and tlien purified ) by maceiating it in a deooctioii 

of the “thiM tnyrobalaiis ” (f^WT). The iron Is then again 
immersed in the same decoction and dried again in the sun. 
This process U to be repeated seven times. Tills is imllcd bh&- 
Qu-p^a-bidhi " ( niwrnfWVf). The iron is nest boiled in decoc^ 
tinns of various substances depending on the nature of the disease 
for which it is to be used. This process is culled stbali-p&ks- 
bidbi *' C w^ibrTwWV), The iron tlnis treated is now washed in 
clear water and roasted inside two earthenware concave dishes 
with their months placed on each oUier and luted with mud. This 
pair of dishes is then put in a pit of suitable dmiensioas dug in 
the earth and heated by means of burning cowdung-cakes. This 
process is called *' puta-pSta-bidhi “ '■ f •Himf^fn ). The iron is 
then to be roasted ten, hundred or even thousand times, and it is 
elieved that the greater number of " putas '' iron has been sub¬ 
jected to, its medicinal efficacy increases in a coTrespoudipg degree. 
The alternate maceration and heating make the powder very light, 
and, in fact, the test presciihcd by Rasendra-shar-samgraha by- 
means of which the proper number of pntas is to be judged is the 
extreme lightness of the powder. *' The iron is to be masted until 
bfing finely powdered and thrown an water, it will swim like a duck 
on acconnt of its lightness.** ' 

It would interest readers to team the methods of preparation 
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of killed iron by mtjdem Aurveilic pby!dciftn&. As most Anrvedic 
pby^itdans prepare their own medicine?^* the method of pr^panjiK 
the same medicine variea considerably- So far as we have been ahle 
to collect mforroation, there are three different methods of prepm- 
mg *' latihas/* 

(1) Some physician* procure the best kind of iron, bent it in a 
blacksmith’s forge and take the T«st loftned on the surlRce of the 
iron. 

(2) Others keep steel immersed in cow's urhie for years together 
and take the rust collected on the surface^ 

(3J sronie or® repotted to prepare their lauhas by 

repeatedly heating powdered ferrous sulphate K Of course 

the methorl giyeu in Chafcrapini, Rase.udrarSh&r'Sajngraha and 
other works is followed by many orthodox physician. In the 
methods Nos, fi} and (a) the rusts obtained are purified in the 
nsual way, and then formed into balls with cow s urine nr a 
decoction of the " three mytobalansj*’ dried in the sun and cab 
cined in the pit by means of buniiug cow-dung cakes in the usual 
way. The balling, powdering and cnicinLng in an enclosed space 
are repeated ten, hundred or thousand times. 

We collected '* lauhas" which have undergone different num^ 
bar of ” pntas *' for analysis. The colour of tliese samples varied 
from greyish black and grey to orange-red. It was observed that 
one “ puta lanha " was greatly attracted by a magnet, ■' lauba ” 
which has been calcined ten times was attracted ta ii less degree^ 
while a sample of seventy-eight " puta ianhn" was very slightly 
attracted. As regards iron which been calcined hundred or 
thonsand times, it was not in the least attracted by a magnet. 

Qualitative analysis' showed the pteseoce of a small r^uantity 
of soluble alt mostly potassium phosphate, ^iceous matter and 
iron. There was na carbon (as we espected), nor any alnnu- 
nium. The ” one-puta,” ” ten-puta " and ’* seveuty-eight-puta ” 
*■ lauhfls ” arc the products of heating the same sample of iron. 
The ■* hnndred-puta " and '' thousand-puta ” ■* lanhas," both 
marked fA>. are aeain the oxidation products of anot her sam ple 

i Tlie pnwcai rf " wiUaB " juudysb of •* kiUwl ” irop li»Tt been 

TeptDdnOHl bm fmp» n pip" ^7 “"tlKW ">«> «'■ Blrend« BbpiU MUc«i. 
JijornxJ flt the AsImUg Soef^T e( BengGl, T5tO, jlj. 
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uf iron. Lastly, the ** thoosand’puta' * *' lauha,' ’ marked (B), ifl n. 
different pteparatUm. 


“ On&^puta tauka.** 


Fe *=(5 C.C. H. only) — ’oi» 
Feo ^ 68’i 

FCtO, = ^'4 

Siliceoas matter «= lo't 

Soluble salt (mostly 

pot. phos.) “ i '3 


Ten-ptUa {a»ha'' 

Fe 

K diL 

Feo 

^ 33'l 

FcjO, 

^ 40-0 

Siliceous matter 

= 3**^ 

Soluble salt 

= 4*6 


99-912 


99'B mm. 


Sewaty-eisht puta lauka:* 


Fe 

= nil. 

Feo 

— 9*3 

Fe,D, 

“ 51-2 

Siliceous matter 

— 341 

Soluble salt 

= 5-4 


** Htindred^p'^^ inithaJ* 


{A) 

pe niL 

= nil- 

F<;iOj ® 3'9 

Siliceous rafttl^r = 
Soluble salt (of 
which P*ni“* 9 ) “ 3*7 


100-2 


100*3 


Theuwiif-pidii tmhft" 

(A) 

Fe 

= 

Fen 

= nil. 

Fe*Oj 

= 70'T 

Siliceous matter 

17^9 

Sdluble salt 

^ 4 ^t 


** Thousand-puta 
(B) 


Fe = 

nfl. 

Feo = 

nil. 

— 

S4'9 

SlUceous matter 

11*3 

Soluble salt {of 


whidi Ptn|”i^2) = 

tB 


too'i 


907 


From the results of analysis given above it is clear that the 
magnetic properties of the samples of iron which have undergone 
a fewer number of ** putas'' are not due to free iron, which is pre- 
eeut in minute quantities in the " onc^pata ” '* lauha " hnt to 
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ferroso-fmic oxides, the ferrous and ferric oxides being present fe 
them in varying proportioiiSp^ 

As the ntimbcf of ** putiis*^ increases^ the amoiini of iertoos 
oxide dimiiiishes^ and nt hundred putas/^ and above* the iron 
iswholl? present m the form of ferric oxide. Hence hnndred- 
puta and ** thotLsand-puta '* hiiihas** are not attracted hy the 
magnet. 

2. Siliceous matter h preient In very large proportion vaTying 
from lo^i to as mneh as J4'r per cent. This imptirity corner* as was 
aubsetpiently arartalned, from the stone plnteg i fro) on which 
the iron is powdered many times. 

Shata-putn,“ Sahasra-putn/' •Mnubos^* have almost 
identicaJ coiupogitbn. Both nre impure ferrfe oxide, the percen¬ 
tage of whicli vaii® from 78*1 to 84'bi Both are nan-magnetic 
and " swim like dock on water* On accotmt of the vtrv large 
number of putns ** in the course of whicii it undergoes nmeero- 
tion^ powdering and roasting for a thousand time^p the *' shahasra 
putn" -'lauhn'* is lighter and finer than shata-puta.'* The 
time taken to prepme these lauhas is very long indeed* U one 
pula be finished in one day* the preparatiem of ** shata-puta"** 
takes more than three montlis, and that of diahasra-puta 
about three yeam^ As the roasting is carried on in dosed vessds 
the oxidation proceeds vary slowly. If, however, open vessels be 
employed in f ntnre the time may be greatly curtailed. 

4. The test of ** swimming on water like a duck is a cruda! 
one ivith the Atm-^edk physidan for ** lauhns. * * We have seen 
that pred pita ted oxide of the Laboratory docs not ** swim 

Utc a duck.'^ It is probable that Attrvedic " lauhas^"* being very 
light and parous^ ore easily assiraButed in the body while ordlnaTT 
ferric oxide being not so light and porous is not ^sily taken up 
and hence not med by Allopathic doctors. 

I Of {tdicoe ftna Schnrtenmict'f Twatirt «} dunictrri'* VoL It* P»rt j, 
** nf iMll ** when ifflu I* heaiMl to rcnneu ls the air, it breoiHEa 

coated whJi irEK tdiJE. Tt*ifl i* » mMiatc Of H eomparaid of the mi.ffiH>xjde Kod pes- 
quioxldc tn prapaitifloi The lnMr lajvr width k blflcktih grmj^ 

brltUe, attrected hf the laaniHfl. haJ the wnpodtiim A Feo Feits^ isd le not 
mogoeiic' The oofer lejvf eoDUdiu a Inrgef qujintity 4f ferde oxidjc, h dC e reddiih 
cfjJDUr dnil tl marc lUOTglT bEWMIwI by the than the iimef portion.*' 
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StlLPHIDE' OF IRON. 

The sulphide of iron does not seem to have been prepared io 
the pure state. It occurs io prcparaticras such as lattha-parp^, 
siiha-jogtsvmr «ud other Tautrik medicines along with the sulphide 
of mercury and vegetable subst anc es. The mixture of sulphides 
llauha-patP^ti) is prepared, as desenbed in Rasendra-shar-amafiraha 
and other works, by taking two parts of mercury, two parts of sul- 
ptmr and one part of killed iron and then mcltitig this well-rubhed 
powder in an iron laddie with clarified butter oo a gentle fixe. It 
is then pouted over plantatu leaves and gently pressed and finally 
treated with vegetable substances. 

CHLORIDES OF IRON. 

We have already referred to the ayasArilt of iron mentioned 
in the Uttariantra of the Shushmta m which iron is heated with 
the *' salts” including common salt. A mirture of ferrous chloride 
and oxychloride and oxide of iron is probably formed in this re¬ 
action. The five kinds of salts are aauvaichala (probably nitre), 
saindhaba (rock salt), vit [a kind of commoii salt), audbtaJda 
(alkali carbonate) and samudia (sea-salt). 



CHAPTER V, 

M&TAU.UBCV OF IsUlAlf IliON, 

ORES \N[> niNES OF IRON IN ANCIENT INDIA, 

From the enormous deposits of iron slag and cindm in many 
parts of India it is evident that iron was esrtensively manofncttned 
from its ores in various places thraughoat India, The ores of iron 
described in the Arthosbistra of Kautityai u mentioned before, are 
evidently lumnatites. Haematites were tnown in Hindn medico- 
chemicfll literatnre as gairikf and the bright red variety or red 
fuEinatite was cahed subarna gniVi'A (gulden gaiiih).' Gairik is 
mentjoned in the Ainarkosha, It was also used as a dye for dye^ 
ing clothes. Iron pyrites was known in Anrvedic literatme as 
liipya or rauppUMiiakhika (siH'cr pyrites). Tvro varieties of 
ate mentioned in Chnmka and Soshruta {third century a.cO and 
latterZy capper and iron pyrites were designated us atearHa^nial^kii 
(golden pyrites) and rmpfitt-fnikhika. 

In the Ayeen Akboit we find that during Akbor's time there 
were iron mines in BHjuha, snbali BengnJ, in B:er(}h, sabah Eash- 
mir, and in Euinami within the Ddhi subata, also at Ntrmul and 
Indore to the north of Golconda where escrilent iron and steel 
were obtained. Tavernier in his '' Travels ” mentions that there 
were gold, silver, steel, lead snd iron mines in Assam* and that 
iron manufactured at Haidrabad was ptirc.* Manned wrote that 
iron was abundant in Golconda which was prindpally celebrated 
for diamond mines. The Dhitukriya, a. work of the sixteenth 
ewtory mentionB that iron nrK were plentiful in Loh^ti. Gny&dri 
GautamSdri. Vindya Hills, Npladri, Trymbalta and senddc places. 
It must be anderstood that these ntferanecs are merely casual and 
they do not give any systematic information regarding the exist- 
euce of iron mines in undent India. 

' u nwnnt vtjtwr fx lOf i i 

• Ti.T«B«r's *■ yraveUtD tndbi,'* Vtil n, *6, aSi, iSi 
< T«f «ato. iWA, Vai I, p, ,5^. • PP- * 
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PROCESS OP IWANUFACTORIKO WROUGHT IRON, 
The andent nuethod of manufacturmg iron stiJl prevnLbi nj 
various parts of the ccniutry, notably in Odssa^ CHata Nagpur* 
Central Provinces Baroda, the Deccan and Crnnatk, and Nortii- 
We^ern Proviiices. It has maliiJy passed into the hands of igno- 
lant and in many places ahorigioal tribes, bnt it is certain that 
in early times the Delhi and the Dhar pillars and the DfLssan beams 
must have been forged by skilled metalVurgists and 

engineers. Any one who studies tile growth and decay of the in¬ 
tellectual and scientiGc setividcs of the Hindoos will see clearly 
that scientific iodnstris were declining from a long time, and 
owing to a laek of initiative the old processes struggled on on a con- 
tinnously diminutit^ scale until alniost all industries pa^d into the 
hands of liie least advanced sections of the Huidn comniuaitj'* It 
has already been stated that the iron beams of the temples in Odssa, 
which was famous for her iron in ali ages^ may has'^e been prepared 
fioai iron manufacttircd in the Takhir districts where kon-smclting 
is still carried on by the EoU. Mr+ H, F* Blandford of the Qeotogi- 
cal Strn'ey of India says^ "" The iron smeJteis of Takhir and neigh- 
bonriug districts belong to the large tribe of Cols * , . Imnps of 
slag are frequently found in jungly districts where no iron mauu- 
fadnre has been carried on within tiie memory of the inhabitants/' 
The author also gueaa^ that the iron of the Ddhl and Mount Abu 
piltais was probably obtained from Rajputana^ as large billocks of 
ironrslag are: found in Klietri and other places in Rajputann, which 
is now being utilised m a flux by the native copper smelters. The 
iron of the Dhar pfllar evidently has come from Sputhern India 
which was famous,, until recently, for iron and steel 

It h a matter for regret that Sanskrit litcmturt:, as for as 
is known to the author, contains little or no mfariiiaUou regartling 
the actual method of the manufacture of iron or the furnaces em¬ 
ployed in smelting the otes or in forging iron, though we can easily 
conceive that the furnaces, which forged the Delhi and other pillais 
even piece by piece* must have been of great dimensions. There 
existed undoubtedly /pAasos/'rfli or ** iwicnc^ of iron for metals} 
the author of one of which was Fataniali, wh o flourished in the s&cond 
ceotury a.c* and was the commentator of the celebrated grammarian 
Fanini. These uoforttmatcly have all perished. Ball speaks tmly 
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whatishsll true when he Th^ mde snieltiiig-ftixtiac^ of the 

natives . are probably to a great eitEnt the lineELl descendants 
of a system of iron raanofacture, which, in the enriiret times of 
whidi we have any record* must have been on a scale of consider- 
able magnitude/* ^ We may* bowwer, readily admit that tire 
priudpk followed in the existing indigenous methad of maimfac^ 
turing iron was prabably the same in andent times* though iron 
must have been produced in India on a very large scale apd in 
much bigger furnaces by intelligent Hindu workers* 

Fortiinateiy we have got accounts of the maiiuracture of iron 
in India left by Dr. Euebannu who visited India in tSoo, nnd by 
Heync whose Tracts on India was published in 1^14 embodying 
tlie results of lus observations from r7g4* In the accounts of these 
travellers wc find descriptians of the process of manufacturing iron 
as it existed more than a hundred years ugo. The process des¬ 
cribed in these books as well as that whidi exists even now may be 
called the direcl process** of manufacturmg wrought iron of 
malleabk iron—a process wliicb does not require the previous pre¬ 
paration of cast-iron. The modem European process of making 
wrought iron may be calkd the ** indirect process" in w'hich 
wrought iron is obtained by the alraoat total removal of carbon 
from cast iron which is first directly obtained from the ores. This 
direct process of manufacturing wrought irou^ winch hna existed in 
India from very ancient tiiues, is still can-Jed on nut only in India 
but abo in "Borneo and Africa;' rinr indeed is it yet extinct in 
Europe : it is stated, moreover, to be still extendvdy employed 
in Vermont and New Jersy, Xj.S” * We may safely conclude tiiat 
tlie iron of the Delhi and Dbar pillars and of the Orissan lieanw wmj 
prepared from iron ores by thtst dire^ct pyoc^s^. 

The radoftak of the process is as fallows Only the richest 
ores of iron are employedp and the fuel as well as the reducing agent 
is charcoal. The blast furnace consists of a hearth with a circular 
shaft or etumney from s to 6 feet high and a to 3 feet broad, 
and the blast is admitted with ahand bdlows through a bole. As 
chureoal U a ranch purer form of carbon than cotd the iron pro- 


< Pall'i " Ceola^ at UndU," Part III, p. 340. 
' Percy'i ■■ MetdOttrEj," VoL U, p. 134. 
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duoed by beating the ore with charcoal is exceedingly pure. No 
Qux seems to hace been used as only pure ores were employed, 
though Dr. Vetchere testifies thul in Wariristan n flnr of Ivtofistone 
is added even nt the present day. The malleable iron thu.s ob¬ 
tained directly from the o«a is hamtnered in the hot conditiOti in 
order to make the iron solid and bomogeoeons. The iron slag 
during the process of beating is tapped off from time to time 
tlirongh another bole or tuyere, and the adhering portion o£ it is 
squeezed out during the hammering. The iron seents to have been 
obtained ns lumps and not in the motteu condition. 

Heyne in his " Tracts '* gives nn account of iron rnanniactuit 
as he saw in the Northern Circars which he visited in 17^4, also at 
Yemgntty near Sntgur and at Ramanakopettn near Nuzid.' At 
the first place the ores employed were a kind of iroia-stone having 
the appcnfance ol yellow and brown ochre. At the second place 
tire ores were a kind nf " fine black sand found in small rivulets or 
nullahs that derive their source feoju the neighbouring mountains ” 
—a “ sub-species of micaceous iron ore ” very rich in iron and 
attracted powerfully by the roagact. In the third place the ores 
used were luEmatiies* 

Heyne gives a drawing uf on iroii-fnTUBin: used at Yera- 
guttj* ivhich is reproduced here, ■'The furnaces are made of ted 
loam raised with sand and consists ol two parts. The lower and 
larger is about three spaces high and a foot in diameter; quite 
cylindrical, and mected over a hole In the ground, about four 
inches-deep ; its sides are everywhere about two inches thick. The 
upper part is coaical, with the higher portion ol the cone reversed. 
It is about eighteen inches high, and at the opening not quite a 
foot in diameter. The bellows are or u kind used by the iron smiths, 
aud made of sheep's skin; a hole is left neat the bcjttam of the 
cylindrical part of the furnace to receive their nozrle.’' When 
smidting iron the two parts of the lornnce are cemented mth some 
loam and the bottom is filled with chaicoal which b then ignited. 
One part of ore and four parts ol charcoal are added at a time at 
the interval of aliout fifteen minutes, uud the bellows are worked. 
Thb produces suflicieut heat, if not to melt the iron, ot (cast tn 


I Hcytte’* '* Ttacti CH> lailu,*' pp. uqi, ai*. rir- 
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Iron Furnace. 
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. softeti itj £md at the end of the operatipri the htm is faimd in a solid 
moss at the bottom of the fomace wludi is put a sccoud time into 
the £re and subjected to the aetbn of the Immnier^ 

At the Northern Grcaig and At HantiinrLkapetta the fnmaeeBp 
described hy Hejme, are bigger in size and semidrcular in shape 
■* very much resembling in shape the half a hen's divided lonRt- 
tudinally with the largest end uppermost/' The wall is built of 
clay and the height 4I feet and breadth S feet 9 inches. 'The m- 
temal and conveK anrface has one nf its sides^ at the bottom, an 
escavatioo serving to reeeiFe the slag which is let oat through a 
hole in the bottom^ The mode of the construction ol the inner 
part of tlie furnace U iBomewhat dmerent. The ore and charcoal 
are used in the proportion of one to two. The iron obtained is 
also In the solid condition. 

Buchanan who visited Southern India in ifioo saw in Malabar 
irnji nianufacLurc from black iron sand in wfafeh the greater port of 
the Malabar Hills abounds. He also saw' the same method of 
manufacturing iron from black iron sand on his way from Seirauga- 
patum to Bangalore and from hoth stone-ore and saod-ore in the 
districts of Mndh ugirtp Cliin-narikyan-dtirga, HagaUwadi, and Deva- 
raya-durga. The methods and furnaces used are much the same 
as described by Heyoe^ the iron being obtained in the solid condi¬ 
tion showing that the heat lo the furnaces was sufficient only for 
softening the metal/ The reason for the comparative lowness of 
tlic temperature is the want of powerfiil bellowg. 

Ur, Pare)* in his Metallurgy gives an iduborate description 
of the furnaces used and processes employed from the leporTts of 
the Geotc^cal Survey of Indin^ from which we can lenrn how iron 
was aiannfactured in the middle of the ninetecth century as Percy*® 
work was published in 1S64. He w^rites: The ores employed are 
magiietic oxide and rich red and hroiiyn Jumnatites. Captain 
Campbell states he has seen specular iron ore used by the Konds of 
Goomsoar, The process of smelting varies somEwhat lu ditferent 
districts; and this yanation is due partly to local custom and 

I For deLdlj tie referred to U Ufihfliini** from ^f^diu 

thxoaih Mjffirep Ccjura and Mdabmr/^ VoL I, pp. iii rod VoL II, ii^« in 
wlllcll md ifCUmu of the imns^xa med m inokii^ iroa pad ttoel ure 
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partly to th-e F^ct tliat the art has most advanc^^ where tlie 
papolatiou is most dense and civilized. The furaaces may be divi¬ 
ded iota three typical kinds. The first kind is employed on tlic 
west coast of Indja^ in the Western Ghats and usually through the 
Deccan and Carnatic and is the ttidest form of furnace in use in the 
less dvdized dial nets and among the Hill tribes. The A^soiid and 
ihtrd are employed in Central India and the North-Western Prt> 
vloces and resemble the simplest forms of the Catalan forge and the 
German Stiickofen respectively : they ate greatly in advance of 
the first and ate capable oF producing wroaght-iron inconsiderable 
quantity as well as natural sted.*" (For details and diagtams con¬ 
sult the book)^.* 

WHY WROUGHT IRON ANJ> NOT CAST IRON IS PRODUCED BY 
THE INDIAN PROCESS. 

It will b* seen that the iron produced in the first place hy the 
Indian method ts always ^Tonght iron and not cast-iron which is 
produced as the first product in modem blast furnaces. The rea¬ 
son is not Ear tn seek. It will appear frntn the accounts of manu- 
factuie given above that the temperature in the furpaces is only 
auifident to soften the iron so that small partidea might aggluti¬ 
nate to cacli other but not sniHcient to melt it^ while the tempera- 
ttm? at the hottest zone of a modem lilaat furnace h 1400® or morc^ 
Tlie result is that in a modem blast furnace the iron bi^ns to take 
up carbon at looo^ and becomes saturated with the latter as it 
descfmds to the zone in which the temperature is 1400®, thus be- 
coroitig cotiveited into cast iron. It mnst however be admitted 
that at the lower temperature of the Indian furnaces a large 
portion of the irDU ores escapes reduction to metallic iron. 


i Pvs€T'* afttailwray, Vol, H, p. asi jf 






CHAFTEK VI. 


Indian Steei. ok Wootz. 

DERIVATION OF ^^WOOTZ.'' 

The word wootz/" by which nsune iDdlan steel was and ia 
still known m Europe, Is a curious word menniiig steel m^de in 
Southcni India. The name seems to have oiigiimted in some 
c1fa:ical error or misreading very possibly lor ** wmk representing 
the Canarese word ukku^^ uifiaimig steel, and hrat appeniB 
in a paper read by George Pearson, M.D., before the Koyal 
Society of Edgland in June 1795, and entitled " esrperiments 
and observations to investigate the tmttue of a kind of steel 
manafactured at Bombay and there called ^ Mf. J. M. 

Heath is evidently wrong m thinking wootz ** to be the name 
for steel in the Gujccrattce language in use at Bombay. Dr- 
Edward Bulfour suggested that the word woots'' perhaps was 
uchcha^ meaning*^*^ nfstiperior quality,^* in the Canarcse language, 
as dbti finished from nieba or of inferior quality." This sug- 
gestioo does not appear to be satisfactory at all, 

HISTORICAL. 

Wootz seems to have been prepared from time iminemorEal 
td the Nizam's Efoniimons^ Mysore and Salem, and other parts of 
the Madias Presidency and was the metal from which the famous 
Dantaacus blades were prepared. The presence of numeroiis Asoka 
pillars of stone cut nut in a faultless manner from single pieces 
of stone of gigantic dimeiunons pTesuppose the use of the hdest 
steel saws and sted cbiseb in India in the fourth century b.cu The 
nae of a large number of surgical injstrumentB in the Sushtnta (third 
century nx,)^ some of which ** eonld bisect a hair longitndinally,*^ 
also points out to the use of steel tu India in making cutlery and 


I HobaDc-faliftOll, ** p, ^f±. 
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mstniments in pre^Cliristiiiii tinieei. Moreover ** we can 
bardijr doubt that the tools with which the Egyptiatis covered their 
obdisks and temples of porphyry and syenite with hieiORtyphics 
were made of Indian steel. There is no evidence to show that any 
of the nations of andquity besides the Hitidus were acquainted with 
tlie art of making steel. The notices which occur in the Greek and 
Latin writers on this subject serve only to betray their ignorance 
of it; they were acqiininted with the qualities and familiar with 
the use of steel, but they appear to have been aitc^ethcr ignorant 
of the mode in which it was prepared from iron. The arms and 
cutting instrumeuts of the ancients weiE all formed of alloys 
of copper and tin, and we are certain that tools of such an alloy 
could not have been employed in Bculptnring porjibyry and syenite 
One certain fact has reached us regarding the antiquity 
of the steel manufacture in India: Quintus Curtius meutious that 
a present of steel was made to Alexander of Maccdon by Fonts, an 
Indian Chief, whose country he had invaded. We can hardly bt 
lieve that a matter of about thirty pounds* weight of steel would 
have been considered a present worthy of the acceptance of the 
conqueror of the world, had the manufacture of that substance 
been practised by any of the nations of the W est in the days of 
Alexander.We know that a maritime intercourse was main- 
toined from the remotest antiquity between the Malabar Coast, 
the Persian Gulf, the country a^ut the mouths of the Indus and 
tlie Red Sea; and it appears reasonable to conclude that the steel 
of the south of India found its way by these routes to tlie country 
of Porus, to the nations of Europe and to Egypt," ‘ 

Abundant evidence is forthcoming to testify to the fact that 
India sup pl i ed the Iron lor the famous Damascus blades. Sir 
George Biidwood says, '* Indian steel was celebrated from the 
earliest antiquity, and the blades of Damascus which maintained 
their pre-eminence even after the blades of Toledo hecame cclebrsh 
ted, were in fact of Indian iron, Ctasias mentions two wonderful 
Indian blades which were presented to him by the Ring of Persia 
and his mother. The Ondonique of Marco Polo’s travels refers 
originally, as Col. Vnle has shown, to Indian steel, the word being 


I J. U. H«aUi, JotuoiJ Rural Ajiltie Sodttj, l*ig, V4»l. V. 3J>J, 
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a corruption of the Persian Hundwaniy^ i,e. Indian steel; Tlic 
same trard found its way into Spanish in the shape of " Aj-hinde 
and Al-iinde'* first with the meaning of steel and then of a steel 
mirror and fi^y of the metal foil of a glass mirror. The On- 
daniqiw of KirmaUj, which Marco Polo mentions, was so cnlkd 
from Its compaTative estceUence, and the swords of girman were 
eagerly soirght after in the fifteenth and sixteenth centuries aj>. I>y 
the Tuilts who gave great prices for them. Arrian mentions steel 
^ imported into the Abysainion ports, and Salmasins mentions 
that at^ng the surviving Greek treatises was one on the tempering 
of Indian The celebrated traveller Tavernier writing 

about Indian iron of his time said, '* The steel susceptible of being 
damasked comes from the Kingdom of Golconda; it is met with in 
commerce in lumps about the die of a half-p«iny tnhe; they are 
cut in two, in order tu see whether they are of good quality, oud 
each mokes half the blade of a sabre.” Even in the early part of 
the nineteenth ccntuiy the trade in steel with Persia was quite 
profitable. Dr, Voysey in his article on the ” Description of the 
Native Manufacture of Steel in Southern India ”‘ writes; “The 
export, however, of the metal to Persia must he profitable, as it is 
sufiident to bring dealers from that country and to defray the cost 
and risk of travellmg. We found at the vifLage (named ' Kona 
Si^undiam,’ 12 miles south of the Godaveri and 25 miles from 
Nirmui, celebrated for its manufacture of steel), in tfiao, Haji 
Hosyn, from Ispahan, engaged in the speculation ; and it must 
have answered hU purpose, as he was here again in 1823,, having 
returned ta the interval to Persia and disposed of the ventare. 
He informed iis that the place and the process are both famifior to 
the Persians and that they have attempted to imitate the latter 
without access/' Syed Hussain Bilgrami* writes, “ From time 
itumemoiial the iron of the Nisom's territories has been worked at 
Yslghafab, Nirmul, Joctio], Warat^ai and other places into blooms 
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from which cast steel of a very superior quality weis manufactured 
and exported to the far West^ It has been proved that the raw 
material from which the famous Daxnascus blade was mantifac?' 
tured, was obtained from an obscure village in the ^i2ato*s terri¬ 
tory "" fmeauiug perhaps the village of K^jua SEimundram des¬ 
cribed above by Dr, Voy^y), The geologist Bali hold^ the same 
DpiTLion and writes in his " Geology of India ** that ** there arc 
distinct evidences that wootz was exported to the West in very 
early times, possibly 200a years ago.*" 

It would interest readers to learn in what parts of India itself, 
which supplied the steel for making Damascus blades^ swords were 
mauufncttired. Wc find a list of such places tn YukHkalput^r'i^t 
which has already been referred to as a manuscript of tlie eleventh 
century* whidi sa3"s that swords were tn an u factored iu Benares« 
Magadha^ Ceylon# Nepal* Anga» Surat and Orissa (Kaltaga) 

and describes the qualities of the swords manufactured in the vati- 
ous places-^ We have found a similar reFerejice iu ShdmngaJhar- 
Pttdhaii, a work undoubtedly composed in the fourteenth century 
by the alchetnist Sh&rangadbar. In it we find that in the four¬ 
teenth century the following places were noted for the manufacture 
of swords^ viz. Klmtlkhsttara, Risbi^ Baoga (Bengal], Shorpotaka, 
Vidicha (Mithila or Tirhut)^ Anga (Bhagulpur),Madyatna-gr^* Bcdi- 
desha^ Sahagram, and Kalin] ar, and that swords manufactured 
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in China were "faultless and pure.’*^ In Sharangadkar FadAaii 
as wen os in Yttkiikalpaiaru long chapters on the dimcnsiona and 
qualities of swords as well as an varieties of iron and their different 
colours have been inserted. 

The Sanskrit equivalent for steel ia Ukshna. The word occurs 
in the Arihas&stra (p. S3) and in the Sushruta (see ttyaikTiii)i but it 
ia doubtful if the word rnenut any partkalar kind of iron in those 
uident times. In the RctsaTatm-saTnufchaya six varieties of tikihna 
iron are mentioned (see p. 45), In the Bhibaprakasho (sixteenth 
steel is colled slidr-fafrAoi-aiid is described as a kind of 
iron which when treated with add becomes as sharp as the peak of 
a mountain.” 

WANUTACTURB OF WOOTZ-CRUCIBLK PROCESS OF MAKING 
CAST-STEEL BY CEMENTATION. 

would now proceed to describe the traditional ludian me- 
thod of manufacturing sti?el—' ‘ the ondouiqnc of Marco Polo— 
which supplied many a true blade girded by Asiatic conquerors 
of yore, and may be said to have uvertbiown dynasties and 
established empires.” It has already been said that Indian steel 
was in great demand ip the Middle Ages not only in Asia but 
also in Europe, and many attempts at imitatiou were natnralJy 
made by Europeans tboagh unsuccessfully, Mr. Henry Wrlfciason 
infonusasin this coanection that "with respect to the various 
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3;t't€iiipts ot nmtSiticin,} thu least ingeoiotis om is CErtEunIy tbat o| 
etching QT engraving a blade of common sted^ more to deceive 
the pinch aser. Amongst the numerous lullure? wc may ennmcr¬ 
ate those of Me^rs. Nicholson, O'Reilly, Wilde and others in En-^- 
land as wtdl as that of Monskm Oonct in France/' ^ ' 

The first to examine wootz chemically was Dr, Pearaoii, who 
in ^ 7 Q 3 contributed a paper on the subject to the Philosophical 
Tranaactiona of the Royal Sodety (Part 11 }. The difference be¬ 
tween wrought iron and sted, as is wdl known, lies in the fact 
that steel contains more carbon than wrought iron while cost iron 
contains still more carbon than either %vrought iron or steeL But 
owing to the imperfect methods of analysis prevalent at that time 
Dr* Pearson states the results of Ms analysis of the percentage of 
carbon in a curious fashion. He estimated the quantity of car^ 
boa in the woots and steel to be nearly equal; and that quantity 
to be about one-third of the hundredth part or ^ of the weight 
ol these stihstanceg/^ He also estimated the spedfic gravity of 


woohfi, os follows:— 

ti WooU .. ,, 7‘iSl 

2p *Another specimen of wootz .. 7'403 

3. The some forged ., ,, 7'647 

4, Another specimen forged ^ 7"5o3 

5* Wootz which had been melted . * 7'200 
6, Wootz which had been quenched while 

white hot., .. , , 7^x66 

Dr. Scott who forwarded the specimens of wootz to Dr. Pearson 
from Bombay described that wootz was used for cutting 


iron on a latbe^ for cutting stones ^ for chisels ^ for making lilps, 
lor saws, and for every purpose where excessive hardness was 
necessary*'" Wootz, however, could not bear anything beyond 
a very slight red heat, which made it work very tediously in 
the hands of smitba^ There is very little of chemical import* 
once in Dr, Peatson^s paper^ and he was quite ndstaken, as mil be 
shown hdow^ in thinking we may without risk conclude that it 
(wootz) ii made directly from the ore and consequently that it has 
net'cr heeu in the state of wrought iron,^' the actual process being 
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jtifit the rcversej viz. carburisatioD of wrought iron. Faraday and 
Stodfiart had also examined woot£. 

The first complete analysis of ^ wootx ’ was made by 
T- H, Henry in the middle of the ointeenth century. The results 
of his Emalysis are given bdow — 
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Steel may be prepared in two ways, firstlyj, by removing part 
of the enrhou of cast Iron before it is converted into wnonght iron i 
or secondly, by carburising wrought iron or making it combine 
with the requisite quantity of carbon. Tlic second process is 
called the ** process of cementation * * and has betn discovered In 
England only in the eighteenth century^ while Indian iron was pre¬ 
pared by this proce^ from time immemorial. As has already 
been mentioned^ Sir Robert Hadfield on examining photomicrogra- 
phicnlly some undent Ceylonese iron specimens of the fifth century 
Aj>. found that a chisel showed distinct signs of carburbatiou 
varying on the two faces ffom saturation poiut ("9 per cent) to 
about *2 per cent carbon on the otitside edge,” He further 
remarks: ” the presence of martensite and liardenite suggesU 
the important mfomiatioD that the chisel haii been queuched/'^ ^ 
Sir Robert concludes: ** the author believes this to be the first 
lime there has been put up os record evidence of the art of cemen¬ 
tation having been known 1500 to isooo years ago, as shown by 
tiiese spedmeusj probably therefore, such knowledge could be 
traced back still further,^ ^ Ceylon, ha^dug been only a part nf 
Of eater India, we may safely comdude that the process of cemeii- 
tatjnn and quenching was known in India " 1500 to 2000 yeMs 
ago/’ if not earlier. 
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Jpdgiag from the conservatisni of the people wc watild expect 
to find the same process in worlting in the eighteenth or nineteenth 
century, though it must be confessed, on on infinitely smaller scale, as 
tire scientific spirit of enquiry and industrial enterprise seem to have 
almost left India to find a new habitat in Europe at the close of the 
seventeenth century- We have, however, got excellent account of 
steel manufacture in Southern India from the accounts of travellers 
like Dt* Voysey ( 1795 ), Buchanan (tSoo) and Hcyne (r7q4-l5l4)‘ 
The process of Ind^ stee^mafcing may be summarised in the follow¬ 
ing way—wrought iron is first obtaJoed hy the dirfCi tntikad, via. 
beating the ores of iron with charcoal in small blast furnaces (the 
blast being admitted by means of hand bellows) without the 
iutermedlate formaldqn of iron as has already been described, 
Tlie wrought iron is then cut into atnall pieces and taken in 
cmcibles along with certain kinds of wood and leaves of plants and 
then heated in charcoal blast furnaces with the lids closed, The 
blast is mnfiiiucd from four to six hours when the steel Is obtoined 
in the molten condition. Water is then sprinkled or poured on the 
metal, which hardened on being quenched and the steel ob¬ 

tained in a crystalline condition. 

We give below Heync's acenunt of sted-raaking in Mysore 
which was publUhcd iu 1814.' “In order to convert the iron into 
steel each piece is cut into three parts, making fifty-two in the 
whole, each of which is put Into a crucible, together with a hand¬ 
ful of the dried branches of “tangedu*' (cassia auriculata) and 
another of frcsli leaves of vonsngady " {convolvulus laarirolia). 
The mouth of the crucible U then closely with a handful of 
red mud, and the whole arrajigcd in circular order with their 
bottoms turned towards the centre in a hole made on the ground 
for the purpose. The whole is then filled up with charcoal, 
and large beHows are kept blowing for sir hours, by which tune 
the operation is finished. The crucibles are then removed from 
the furnace, ranged in rows on moistened mud. and water is 
thrown on them whilst yet hot. The steel is found in conical 
pieces at the bottom of the crucibles, the form of which it 
has token. The upper or broader surface is often striated from 
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this centre to the circtimferciioe. Tbe iton ore used b magnetic 
irnn sand eomuion all nvei the coa^ and even found on the 
fien-beiich neax Madra.^." The steel thus obtained Is heoted again 
in clo^d crucibles so that the eaccesa of carbon ts bumt out^ Dr. 
Heyne abo publishes a letter from Mr, Stocldori that ei?en up to his 
time* not to speak of Indian steel of tdie Middle Age3> "" Indinn ^teel 
was decidedly superior to any other description of steel/^ 

The wdl-known traveller Dr, Buchanan who visited Southern 
India in ifloo also gives a similat account of steel-making/ ** To 
each is put one-third port of a wedge of irtmi with three rupees' 
wright of the stem of ** tayngada * * or cassia nndculata and two 
green leaves of the " hugivany which is no doubt a convolvulus 
or an Ipomcrfi with o large smooth leaf j but never having seen the 
flower^ I could not in such a difficult class of plants attempt 
to ascertain the species. The mouth of the crucible is tlien 
covered with a round cap of unbaked clay and the junction 
b well luted/The crudblcs are then dried and heated in 
a charcoal furnace fed with hand-behows. The operation b 
conducted in lour hours. When the cnidbles^c opened^ the 
steel b found melted into a l>ottom ^rith evident marks on 
its superior surface of a tendmey to crystallization^ which shows 
clearly that it has tindetgone a complete fusion. The ^teel is sub¬ 
jected to heat a second time in closed crucibles until the metal b 
obtained in a suitable condition. 

Syed Hossoin Eilgrami iu hb lecture cm ** Iron industry in 
the Hyderabad and Deccan'* before the Iran and Steel Inatitiite 
has given a similar narrative of the crucible process of steel- 
making in the Nizamis Doroinioiis^ the wood used " being a 
species of cassiap very common in the country and known as 
coma lora and the leaves those of calatropis gigantca/* * 

A aimilar method oi manufacturing cast-steel was prevalent 
in Ceylon from early times^ though native method of steel- 
making has almost been beaten out of the country by foreign 
competition^ Mr, Ananda K. Stunarswamy writes in hfe Mediaeval 
SiogbaleseArt* thested is omdeinclay crodbles, each about eight 
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itiche:s longp two inthes in difuneter, and a quarter of an itach 
in thickness. In the cmdbk b put a pkce of iroiij with some 
chips of cas&ia Ruricuiaiit ^ in the proportion of r^l oz. iron to 5 oa* 
wood, in the case examined. The crucible is covered with a lid, 
having small holes pierced for the es^pc of gas* six crucibles 
thus prepared are embedded in the charcoal and a Ere started. 
Vcr>^ soon the woods bom off, and while this goes on the blowing 
is stopped. Then the blast is kept up continuously/' The steel 
obtained in the course of n few hours is bighiy crystalline. 

CRUCIBLE PROCESS OF MAKING CAST-STEEL—AN INMAN 

DISCOVERY* 

From the accounts given above it b evident that the tradi- 
donai Indian method of making steel was the crucible process of 
making cast-stcelin a fused condition by cementation^ which pro¬ 
cess sUnnld in reality be regarded as an Indian discovery. The 
chemiciil action that takes places. as suggested by Heath * b that 
during the application of heat to the closed crucible the dry wood 
and green leaves would yield charcoal as welt os an abundant 
supply of hydrocarbons. Tho jmni adion a/ cofbzfH arid Aviro- 
carkFtti on the iron greatly facilitate? the formation of steel as the 
Europeaij method of cementation by means of chtirco^ aian^ used 
to take aix or seven Joys, and even fourteen to twenty d^ys, 
while the Indian process takes only four to six hours^ Though 
cementatian has been mentioued by Agficolfl in his da rif mdaliicit » 
and thadgb Reaumer in tytZ described the process of converting 
bar-iron into blistered steel/" it was only in rfioo that Mr- D. 
^lushet took out a patent for converting malleable iron into 
ca^'Siccl by ftrsiug it in a dosed cmdble in couuct with carbon. 

Now this spedfication/^ sayi Mr. Heath, unquestionably com¬ 
prises the principle of the Indian process which adopts the use 
of thy wood, which b a mibstajice containing the coaly or 
carbonaceous principle/* This opiuioEi b confirmed by Dr, Percy 
who 5 ikySy '* It b citdons that Mnshet's process^ so far as relates to 
the use of malleable iron in the production of cost-steel t ^ould iu 
prindplct and I may add even in practice too, be identical with 
that by which the Hindoos have from anctent times prepared 
their wootz. I cannot discover any esseutinl difcrcnce between 
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the two.” * DTh Fefcy, however, did not take into consideiatiuti 
the action of cazburetted bydrogen gas pradnced by the destme- 
tivc decomposition o! wcmmI Ip the Indian process^ though os n. 
matter of fact io the year 1835 Hr, Charles Mackintosh actually 
took out a patent for conveitirig tnalleable iron into steel 
exposing it to the action of carhnretLed hydrogen gas In a dosed 
at a vtry high tempemturej by which means the process of 
eonversioo into steel is completed in a few hours while hy the old 
method it was the work ol from fourteen to twenty days* 

As regards the partickdar kind of wood employed, the sclec- 
tioo of c&ssia auricuiaia (from which catechu is obtained) anti of 
the leaf of mny not be Jiltogethcr an accident. It is 

possible that experience had taught the Indian workers the use of 
these two kiticls of wood as affording suitable quantities of carbon 
and hydrocarbons to the iron so that the conversion of iron into 
steel could take place more quickly than with other kinds nf wootL 

As regards the proportian of carbon contained in steel, the ex¬ 
cess of carbon is burnt away during reheating. la this councctiarn 
the remarks of Ritter CecD voa Schwarz., who was for some time in 
charge of ttie Bengal Iron Works Company, would be iDteresting* 
Be wrote: "‘It b weh known hy every maunfactnrer of cmdbte 
cost-steel how dilEcult it is sometimes to get the exact degree of 
hardness to suit certain purposes^ especially with reference to steel 
for cutting the blades, etc* With the ordinar^^ process endcavouts 
are made to reach the required degree of hardness by selectmg such 
raw materials as nn an average have the required contents of carbon 
in order to carrespoud ^itli the required degree of hardness as far 
as possible.. The natives (of Indb) reached this degree by intro¬ 
ducing into thdr cast-steel an excess of eatbou^ by taking this 
gradually away alterwards, by means of the slow temperiag process^ 
having it t h us coaipletely in their power to attain the exact degree 
by interrupting this decarbonising process exactly at the proper 
time in order to cast steel of a quality exactly suitahk for the 

purpose.” ^ 

We hope we have been able to give a tmstworthy account of 
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the process of the manufacture of Indian steel, which was an 
object of envy of all nations but successfully imitated by none and 
which supplied the materiali of many a true blade of warriors 
both in the East and the West It is aad to reflect that an 
audeut indigeuoua industry which attracted merchants from 
Persia as narrated by Dr. Voysey, barely hundred years ago, 
is on the point of Mtinction; but as^cveu the tlarkcst cloud rs 
not without a sUver lining, a i^nct ray of hope a visible 
in the not eery distant horiron presaging that India will yet 
regain her lost iron industry under modem scieutilic conditions 
together with other at^dant industries depending upon iron.^ 


f 
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CHAPTER VH. 


Cast Iron. 

Tbat C9st iron was known in flutncnt India is nndonbted* It 
has already been pointed out that three distinct varieties of iron , 
vit " tnnnda,” “ tikshna ” and “ kilnta,'’ meaning respectively cast 
iron, steel and wronght iron, are mentioned in the Tantrik works of 
the thirteenth or fourteenth century such as Rasarahw-saiNHedinvii 
and Kastndtihsi^f -samsrtika. We would draw prominent attention to 
the description o! three vnrieties oi “ mnnda'' iron in the Kajflra/i(a- 
satnitcchovo which ate undoubtedly varieties of cast iron, that 
which ifosily tnetts, docs not break and is glossy is mfidu ; that 
which espands itri^A di^culty when struct with a hammer is known 
OH kwji/Jia that which breaks when struck with a hammer and has 
a black ftheture is kndara," 

It is, however, undoabted tlmt wrought imn and steel were 
mmnlv produced in India, and as Lester ‘ says, “Cast iron was pro- 
dJtd in India only by accident." Cast iron guns were cast in 
England in 1543 while in India anch guns appear to have been 
in th^gbtcentli century, these being very probably introduced into 
India from Europe. H has already been pointed out that during 
the manufacture of cast iron, pure iron takes up carbon at about 
1000“—1400". which temperature was very seldom attained in the 
Indian furnaces owing to inauffieJeot blast. 

Cast iron rusts much mote quickly than wrought iron and 
andent specimens cannot well be looked for unless large blocks of 
such iron should remain bnried- A remarkable block of such iron 
has a few years agq been unearthed by the Rnogpiu Sh^itya 
Parishad in the ruins of Bhabachandra-pht, the old capital uf king 
Blinbaebandra, near Rungpnr. The block with fragments weighed 
about one and a half maund (about 120 lhs>, A sample was sent 
to the author for examination. Though its exterior was mated, 
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itii intetior when frissbly broken was bright and ciystaUiae. It 
broke at the stroke of the iiaminer ami when the bright 
powder was kept for several days only it was heavily rusted* When 
the metal was dbsgtved in ddttte ^cid a quantity of black airbon 
rernniMed behiiid nod the issuiiig hydrogen had the foetid smell 
characteristic of cast iroiu The result of analysis of a sample h 
given below 


96*42 per cent* 

a 81 11 j ^ 

•, .i 


Iron 

Total carboo 
trfanganese 


99*44 


c 


This spedmeo of cast iron is unique so for as India is con¬ 
cerned^ as spethncns of wrought iron alone arc abundant in India. 
No exact date con be as^gned to King Bhabochandro. His tuune 
hiis passed current in Bengali fable as a foolish tdng having a 
foolish minister named Habachand^. The mins of Bhabachondiu- 
p&t are very old and it is supposed that it was the capital of a 
dynasty of Hindu kings before the Mahoinedan conquest- The 
specimen may be dated from the eighth to the tenth century 
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